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Definitions

o protect water quality, States must ado

pt and apply water quality standards that

l incorporate a designated use for the body of water, criteria that describe conditions the

waterbody must attain to meet that use,

and an antidegradation policy. When

developing biological criteria to protect a designated aquatic life use, States need to understand
the concepts and techniques of ambient biological assessment, primarily those applicable to the
selection of target groups within aquatic communities and the definition of biological integrity

by which to measure the condition of the biota.

To this end, readers should consider the

following definitions, which provide a standard frame of reference for the concepts discussed

in this document.

0 An AQUATIC COMMUNITY is an association
of interacting populations of aquatic organisms
in a given waterbody or habitat.

0 A BIOASSAY is a toxicity test that uses selected
organisms to determine the acute or chronic
effects of a chemical pollutant or whole effluent.

O A BIOLOGICAL ASSESSMENT is an evalua-
tion of the biological condition of a waterbody
that uses biological surveys and other direct
measurements of resident biota in surface
waters.

0 BIOLOGICAL CRITERIA, or biocriteria, are
numeric valuet or narrative expressions that
describe the reference biological integrity of
aquatic communities inhabiting waters that
have been given a designated aquatic life use.

O BIOLOGICAL INTEGRITY is functionally
defined as the condition of the aquatic
community inhabiting unimpaired waterbodies

of & specified habitat as measured by com-

munity structure and function.

O BIOLOGICAL MONITORING is the use of a
biological entity as a detector and its response
as a measure to determine environmental cond-
itions. Toxicity tests and biclogical surveys are
common biomonitoring methods.

O A BIOLOGICAL STANDARD is a legally
established State rule that includes a designated
biclogical use (geal) and biclogical criteria.

O A BIOLOGICAL SURVEY, or blosurvey,
consists of collecting, processing, and analyzing
representative portions of a resident agquatic
community to determine the community
structure and function.

0 An ECOREGION is a relatively homogeneous
area defined by similarity of vegetation,
hydrology, and land use. Ecoregions help define
designated wuse classifications of specific
waterbodies. _

O DESIGNATED USES are specified in watet
quality standards for each waterbody or seg-
ment, whether or not they are being attained.

O An IMPACT is a change in the chemical,
physical, or biological quality or condition of a
waterbody that is caused by external sources.

O An IMPAIRMENT is a detrimental effect on the
biclogical integrity of a waterbody caused by an
impact that prevents attainment of the
designated use.




Executive Summary

tates are showing increasing interest in developing biclogical criteria as part of their
S water quality programs. Some have already instituted biological criteria to support their

State standards. To encourage adoption of biological criteria throughout the country, the
U. 5. Environmental Protection Agency (EPA) is providing both program and technical
guidance for the development and implementation of State programe.

This document presents the most recent review of biological criteria development in each of
the 50 States (plus the District of Columbia, Puerto Rico, and the Virgin Islands). Most States
(3%) conduct special site studies to assess the impacts of specific point and/or nonpoint sources
of pollution. However, use of the results has been limited to defining regional reference '
conditions or to establishing biological criteria. Fewer States (31) are conducting biological
network trend monitoring, in which data are used to define regional reference conditions and
establish the foundation of biological eriteria. Most of these State programs are hampered by
constraints on staffing and funding.

A total of 31 State biomonitoring organizations are actively involved in the research,
development, or implementation of biclogical criteria. The level of participation ranges from
the 17 States that are conducting biological investigations aimed at assessing biological criteria
(but are not actively developing criteria), to the five States that are currently developing
biological criteria, to the eight State organizations that are using narrative or numeric biological
criteria in support of their water quality regulations. Several other States are designing
monitoring surveys to assess the effectiveness of ecoregional reference conditions.

This document includes five case studies on States with the most active biological criteria
programs—Ohio, Maine, North Carolina, Florida, and Arkansas—and seven case summaries on
States with substantial experience in biological criteria—Texas, Connecticut, Vermont, New
York, Nebraska, Delaware, and Minnesota, )

Ohic’s experience with biological criteria has demonstrated that an effective program can
be cost effective, compared with traditional approaches, and needs only representative, not
exhaustive, samples of aquatic biota. In Ohio and North Carolina, biological assessments have
uncovered previously unidentified water quality impairments or revealed problems before they
became severe. Maine recommends adoption of explicit standards to give a statutory basis for
enforcement and management efforts that are aimed at aquatic life. Court decisions in Ohio and
Florida have upheld the validity of biological criteria for determining nonattainment of water
quality standards. Arkansas’ experience illustrates the usefulness of ecoregional biological
criteria in setting standards that are realistically attainable and ecologically relevant.

vii



Foreword

Change, that strongly recommended expanded use of biomonitoring in water quality

programs. In December 1987, the National Workshop on Instream Biological Monitoring
and Criteria recommended that “the concept of biocriteria and the information generated by
ambient biological sampling should be integrated into the full spectrum of State and Federal
surface water programs,”

Biological Criteria: State Development and Implementation Efforts is one of a series of three
reports prepared by the Office of Water and its contractors to provide guidance to States as they
develop biclogical criteria. This report supplements EPA’s other biclogical criteria guidance
documents, with practical examples that show how States are currently developing and using
the eriteria. It also serves as a status report on efforts throughout the 50 States to establish
biological eriteria.

In 1987, EPA’s Office of Water published a report, Surface Water Monitoring: A Framework for




Chapter 1

Introduction

resource for States that are planning or
developing biological criteria programs. It
supplements EPA's program guidance with case
histories about existing State programs and
reviews State efforts to develop biological criteria.

Key concepis relating to biological criteria are
provided in Definitions. These terms, which are
common to all EPA guidance documents for
blological criteria, have been used to provide con-
sistency in the discussion of State programs. Chap-
ter 2 of this report describes  current biological
criteria efforts in the 50 States. Detailed case
studies of five States that have intensive biological
criteria programs are included in Chapter 3, and
case summaries of seven additional State efforts to
develop biological criteria are presented in Chap-
ter 4.

T:I-u's document is designed to be a valuable

Overview of Biocriteria
Development

Biological criteria are narrative expressions that
may be accompanied by numeric values describ-
ing the biclogical integrity of aquatic communities
inhabiting waters that have a given aquatic life

use. As such, they directly address the objective
under section 101 of the Clean Water Act: to re-
store and maintain the biological integrity of the
Mation's waters.

Biological criteria supplement rather than
replace current programs by providing a direct
measure of aquatic communities at risk from
human activities, Used together, chemical criterda,
whole-effluent toxicity evaluations, and biological
criteria provide a powerful, integrated, ecological
approach to water quality evaluation.

In September 1987, EPA published a major
management study entitled Surface Water Monitor-
ing: A Framework for Change that strongly em-
phasized the need to “accelerate development and
application of promising biological monitoring
techniques” in State and EPA menitoring
programs. In December 1987, the National

on Instream Biological Monitoring and
Criteria advocated the same measures but also
stressed the importance of combining the new
biological criteria and assessment methods with
traditional chemical and physical procedures, Bath
recommendations were presented at the June 1988
National Symposium on Water Quality Assess-
ment, where a work group of representatives from
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several State and Federal agencies unanimously
agreed that a national bioassessment policy
should be developed to both encourage the ex-
panded use of the new biological tools and direct
their rational implementation across the water
quality programs. In April 1990, EPA’s Office of
Water Regulations and Standards issued a policy

statement encouraging States to develop biological
criteria and published Biological Criteria: National
Program Guidance for Surface Waters. Another

* guidance document, Biological Criteric: National

Technical Guidance for Surface Waters, is being
developed.




Chapter 2

State Biological Criteria
Development Programs

n developing biclogical criteria for water
quality programs, States have used a wide

range of efforts to improve biclogical assess-
ment methods, transform biclogical monitoring
programs into ones using biological eriteria, and
incorporate biological criteria into water quality
standards. The legislative and administrative en-
vironments of State programs ultimately deter-
mine the most effective structure for particular
biological criteria programs. This survey of State
efforts in biological criteria development il-
lustrates both the differences and the many
similarities of existing and emerging programs.

Although most States conduct some kind of
biological survey program, few have developed
biclogical eriteria. Biological survey programs
vary, bul they generally fall into two categories:
network trend monitoring—systematic biological
surveys conducted over set intervals, usually from
fixed stations, and special site studies—biological
surveys conducted at selected locations, usually to
assess impacts from specific sources. However,
State efforts to develop biclogical eriteria are often

unique to a particular area.

Table 1 {at the end of this chapter) lists the
status of biological survey and biological criteria
programs in the 50 States (plus the District of
Columbia, Puerto Rico, and the Virgin lslands).
Figures 1 and 2 illustrate the status of biological
survey programs and biological criteria programs
in each State.

Biological Surveys

All but four of the States (and Puerto Rico) con-
duct some form of biological survey program that
includes either special site studies or network
trend monitoring, Special site studies are biologi-
cal surveys that are conducted at selected loca-
tions, usually to assess impacts from specific
sources—including use attainment assessments by
States and dischargers. In network trend monitor-
ing. systematic biological surveys are collected
over set intervals, usually from fixed stations. Fish
and macroinvertebrates are commonly collected
for both kinds of biological surveys: however,
plankton, periphyton, and macrophytes are also
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Flgure 1.—Status of blelogleal survey programs in tha 50 States.

used in some States. Twenty-six States conduct
both special site studies and network trend
monitoring in their biological SUTVEY PrOgrams.
Spedal site studies alone are performed in 13
States (and the Virgin Islands), and network trend
mnrﬁtnﬂngalunehmndumdinsﬁhmtmd the
District of Columbia). L

Biological Criteria

Of 31 States currently involved in the research,
development, or implementation of a biological
criteria program, 17 are involved in some form of
research or planning. Colorade, Kentucky, llinois,
and Tennessee use evaluative metrics to assess the
resident biota. Massachusetts and Michigan are re-

are using ecoregions in their studies, Indiana, Kan-
sas, Elregnn,h‘-'lrgi;ﬁa, and Wisconsin are already

planning for biological criteria, while three
States—Delaware, Minnesota, and Nebraska—are
New York is proposing the use of biological
criteria for site-specific evaluations of water
quality impairment. In Connecticut and Vermont,
biological criteria are being used administratively
to support water quality standards. Narrative
biclogical criteria have been incorporated inko
‘water standards in Arkansas, Maine, Ohio,
Nnrﬂlmn, and Texas. Florida and Ohio have
incorporated numeric biological criteria into their
walter quality standards. 8
Five States that use biological eriteria to sup-
port waler quality standards are discussed in
Chapter 3. Three—Ohio, Maine, and North
applying the biological criteria ap-
proach throughout their water quality standards
Programs fo assess aquatic life use impairments
and manage water quality impacts.
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Figure 2.—Status of biclagical eriteria programs in the 50 States,

Ohic has developed the most detailed use of
biological criteria throughout different ecoregions
and waterbody types. Use classifications based on
biological criteria have been upheld in Ohio
courts, and, in 1990, biological criteria were direct-
ly incorporated into that State’s water quality
standards, Maine has developed specific aquatic
life use classifications in anticipation of incor-
porating criteria based on statewide macroinver-
tebrate sampling into its water quality standards.
North Carolina uses biological criteria for different

ical regions to assess impairment of resi-
dent biota and identify waterbodies that are excep-
tional aquatic life sites.

Tiwo other States also use biological criteria for
specific objectives. Florida has a long-standing
numeric criterion for freshwaters and a new stand-
ardhrwwmds;buthnun&:t!spedﬁtlmlsuf
invertebrate species diversity. Arkansas has com-

pleted an ecoregion project that defines areas with

naturally Jow dissolved oxygen. The State plans to
develop different criteria for these regions.

Seven additional State programs currently
developing biological criteria are summarized in
Chapter 4. Texas, Connecticut, Vermont, New
York, and Nebraska have different
methods for evaluating biological conditions in
support of narrative standards. Minnesota and
Delaware are just beginning to develop biological
criteria programs,

States With Active Biological
Criteria Programs _

Five States are using biclogical criteria to define
aquatic life use classifications and enforce water
quality standards. Three—Ohio, Maine, and North

.Carolina—have made biclogical criteria an in-
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tegral part of comprehensive water quality
programs.

Ohio has instituted the most extensive use of
biological eriteria in defining use classifications
and assessing water quality. The State used an
ecoregional reference site approach to develop
biological criteria for Ohio rivers and streams.
Within each of the State's five ecoregions, criteria
were derived for three biological indices (two for
fish eommunities and one for macroinvertebrates).
Ohio has used its biclogical eriteria to demonstrate
attainment of aquatic life uses and find previously
unknown environmental degradation. Twice as
’ many impaired walers were discovered by using
biological criteria and chemistry assessments
together than with chemistry assessments alone.
Upgraded use designations based on bi
criteria have been upheld in Ohio courts. In
February 1990, Ohic EPA adopted numeric
biclogical criteria for its water quality standards
regulations,

Maine has enacted a revised water quality
classification law specifically designed to facilitate
use of biclogical assessments, Descriptions of each
of the four water classes include aquatic life condi-
tions necessary to attain that class. Maine is now
developing a set of dichotomous keys to serve as
biological criteria that are based on a statewide
database of macroinvertebrate samples. The
State’s program will not play a significant role in
permitting; however, it will be used to assess the
degree of protection afforded by effluent limita-
tions,

To assess impairments to aquatic life uses,
North Carolina has developed biclogical criteria
that are wrilten as narratives in its water quality
standards. Biological data and criteria are used ex-
tensively to identify waters of spedal concern or
those with exceptional water quality. The State
employs biological eriteria to assess high quality
waters (HQW), outstanding resource waters
(ORW), and nutrient sensitive waters (NSW) that
are at rick from eutrophication. Although the
regulations do not stipulate specific biclogical
measures, strengthened use of biological monitor-
ing data to assess water quality is being proposed
for incorporation into North Carolina’s water
quality standards.

Two additional States are using biological
criteria for specific water quality problems in their
streams and rivers. Florida has a biclogical
criterion for invertebrates within its State stand-
ards: species diversily within a waterbody, as
measured by the index, may not fall below 75 per-
cent of reference measures. This eriterion has been
used in enforcement cases to obtain injunctions
and monetary settlements,

Arkansas has rewritten aguatic life use clas-
sifications to reflect biological criteria developed
for each of its ecoregions. Many Arkansas cities are
designing wastewater treatment plants that meet
the realistically attainable dissolved oxygen condi-
tions determined by the new criteria. '

States Developing Biological
Criteria

Seven Stakes are making limited use of biological
criteria or are developing them for future applica-
tions.

* Texas has narrative biological criteria that
describe aquatic life attributes on a sliding
scale from limited to exceptional.

* Connecticut is developing qualitative
bioassessment methods to complement
narrative biological criteria for benthic
macroinvertebrates,

* Vermont uses a set of administrative rules to
‘support existing aquatic life narratives in its
water quality standards,

* New York has developed numeric biological
criteria to support enforcement actions and
intends to incorporate these criteria into state
water quality standards.

® Nebraska uses aquatic life bioassessments
based on narrative biological criteria to

support permit writing and pollution control,

* Delaware and Minnesota are in the early
stages of developing reference conditions for
biological criteria programs,
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Table 1.—Biological criterla programs across the 50 States.

STATE BIOLOGICAL SURVEYS BIOLOGICAL CRITERLA
Alabama Hateork Trand Monitaring Conducting & cooperative ecoregion projact
Special Ste Sludies (fish, macroinveriabrates) with Missigsippl that may bé used to imple-
’ maent Gloeritaria.
Alpske Spadial Site Studles Mone
Asizona Mo Longderm research plan  for  apphying
: sooragions o waler qually siendargs and
biological criteria.
Arkcansag Ketwork Trend MonSoring Completed ecoregion project with reglonal
[macnsirvartebrates, fish) sinndargs for Esh, physical habiia:, and water
quality.
Calitormila Special Site Studias (maring) Hone
Colorade Epecial Site Studies Devaloped evaluntive metrics for biokn.
Connacticut Netwark Trend Monlorng [fish, macroinvenebrates) Informal biological oriora for banthis macho-
Spoclal Site Studies (fsh, macrolmesebrates) Irvartebirates In place &nos 1887, Several
ecoreglonal referance shes have been desig-
nated, .
Diedawars Network Trend MonBodng (fish, macroinvertebrates) Blolagical criteria development under wey with
Spacal She Sludies prefminary sampling and identification ol pos-
sinla rafarance sites,
District of Columbla  Mabwork Trend Manhafing (masrcimwarebrates, planiion] Maone
Florida Metwark Trend Montaring (macroinverebrates) _ Longstanding legal biclogical critarion based
Bpecial Site Studies ' on macroinveriebrates diversity index.
Gaongia Martwiark Trend Monhoring (fish, mecroimenebnates) Mone
Special Site Studies (fish, macrolrvensbratas)
Hewas Speclal Ste Studies [marine) None
daho Special Sie Studies {macroinvertebrates) Evalusting ecoreglonal refarance stes in the
Snake River catehmant using rapld boassess-
ment techniques.
Binols Metwork Trend Monitoring (macroinvertebrates, fish) Using Index of Bistic Integrity (IBf) for basin
Spednl Bie Studes (mesroinvertebrates) surery Bnd 1o BE5EES uSe anainment for 305hH
rapors.
Il MNatwork Trand Monitoring Flanning for biocriterla developmant
(phyloplankicn, macrolnverdebrates, fish) y
Special Site Studies (phytoplankion, macroimvertsbrates, fish)
lowa Hebwork Trond Monitoring Conducling ecoreglonal sampling fo clessify
BEpams.
Karnzas Metwork Trend Monliofing (macroinvensbnates) Conskderng fish community metric for exdsting
Spedal She Studies (macroinveriebrates, fish, pariphyion) W MESOUNCE BEBOSSMENES,
Kanbucky Netwark Trend Monhoring (fish, macralmenabrates) Index of Blatic Infegrity (IBI) s determined for
Spaclal Ste Studias (fish, macalmeiebrates) ol mino projects,
Louisiann Gpecial She Studies (fish, macrolrvensbrates) Mons
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Table 1 [continuad)
GTATE BIOLOGICAL SURVEYS BIOLOGICAL CRITRERIA
Mine Hotwork Trend MonBoring (macroinvenisbratas) Revised water quallty standerds 1o Incuds

Maesachosets

Mirmmessia

Montana

Nebragis

HNevada

New Hempshire
New Jercoy
New Madoo
New Yiork

Morth Carclina

Kodth Dakoln

Matwork Trend Monttoring (micronveriebraias)
Epecial Site Studles (macrolmartabrates)

HNetwork Trand Monhorng (macroimvarabrases)
Spacial Sha Studies

Spedinl S8e Sludias (fish, mecrolmariebrates)
Spacial She Studies (fsh, macralmvartabrates)
Natwork Trand Monitoring (macroinvenobratas,
Special Site Studias (flsh) =

Network Trend MonBoeing (macralnverebanbes)
Spedal S8e Studies (plankion, macrolmenobrates)

Mabtwark Trend Marliadag (fish, mecrednvartebrates)
Spocial She Studies (macrolnvenebrates) .

Special Stta Studles (macroinveriabrates, pariphyion)
Hone

Matwork Trend munrlr;g
(fish, macrelnveriebrates, pariphyion)

Special She Studies (macroinveriabrales)

Motwork Trend Monkcdng (fish, macnol
Special Site Sludies (macreinvertebratas)

Notwork Trend Monhtoring
{mncrolmarabrates, phyloplankizn)

Spednl Sio Studies (fsh, macroinvensbeates, phytoplankion)

Mone

Netwark Trend Monftaring (fish, macrolnvartabraies)
Five Yesr Basin Approach® (fish, macroinveriebrates)

*A framework from which basing, sub-basing or malnstem

auneys ane selacted on a priority basis on a five year
rotation.

Natwork Trend Meniadng (Fich, macra

Special Ste Studies (fish, macrolnveriebrates, perphytan)

Special Site Studies (fsh, macroinvartebrates)
Matwork Trand M (macrainverabrates)

onioring
Spednl S8o Sluties {fish, macrolmerobeatos, macrophyies)

Mone

nafrative biological erkaria based on declsion
malrkx of smbant macrolvartabriies com-
munity data. Data are used to assess atain-
mient of standards for Sesignated uses.

Maona

Clazsified Hreams with extansive fisld data on
fish species and habiats,

Evaluating biclogleal eriteria for Michigan.

'Developing regional fish community matics.

Condusting & cooperaiive ecoragion projact
with Alabama thet mny be used i implomant
bioariesia, .

 Conducting ecoregional sampling to classity

Sireams.

Compieted muitiyesar, stalewide strasm bicsur-
vay aimed af establishing & standards
framework with regional erfors, referance
slims, and species lisis,

Hane

' hl"ﬂ.ﬂ'

Hona

None

Fraposing blocriteria based on numpﬂilnr;'uf
macrgimarebrale mensures with contral Sies,

Agminisralhve  biolopcsl  crilevia  suppon
Bouatic e use classes in standards, Develap-
ing datailed map of State to.refine scoreglons.

MNaonm i
Biocriterla are used In el sudece walor
pragrams. {Fei. 1990] quanthative

siandards regulations. Using Index of Biotic in-
tegrity and two ather Indices ko rate stroamsa.
Curmrently assassing long-term trends and may
devalop acoragisnal chamical erieda,

Mone

Planning for bioariterla development.
MEnss

Nona
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Table 1 (continued)

STATE BIOLOGICAL SURVEYS BIOLOGICAL CRITERIA
Rhode |sland Natwork Trend Monlioniag {macrolnveriebrates) HNona
Speclal Sie Studies (estuarineg)
South Carolina Metwork Trend Monitaring None
(phytoplankion, fish, macralmvenebretas)
Special Ste Studies
South Dakota Special S2e Bludes (fish, macroimartebrates) Mone
Tannasses Natwork Trend Monitoring (macrolnverietrates) Using & madifisd 181 to moniior basing, assess
- Special She Studies [fish, macroinvartebralas) nonpoint ssurce poliution, and detarming at-
tainable resource quality,
Taxas Natwork Trénd Monlioring [fish, masralfveriebrabes) Norative biclogical criterin are In the Steie's
Special Sie Studies (fish. macroinvertetirates) witler guallty standards and are used 1o sup-
port agualc Ife uses. Ecoregion studies arg
curmendly beling conducied on laast disturbed
Teas Eraams.
Uah EpinhHEiHEHmﬁisﬂhm.nu;un#wuﬂmhumnn Hone
Varrmianm Metwork Trend bMaon ffish, macrainvertebaates) Use in-stream blocriteds to determing twi
Special Site Studies (lish, macroimverishrates biological standards are being met through an
_ adminkstrativa rules procedurs.
Wirginia MNatwerk Trend Monltaring (macrsinvertebrates) Using Blomonitering and benthic programs to
Spacial Site Studies (fish, Masfoifverabeatas) oelerming e degree of waler quality impalr.
ment I sréams. Planning for biocriterla is
underway with peaiiminary sampling &nd
evalieation of possible reference sles,
Virgin Istands Special She Studies (marine, fish, macroinvertebratas) Kone
Wik hiing Son Special Ske Siudges ifish, mecroinvertebraies) Mone
Wes! Virginia Network Trand Monhoring [macroinveriobrates) Hana
Special S4e Studies (fish, macroirsertebrates) _ .
Wisconsin Nebwork Trend Monitoring Modifying 1B for subsequent development of

Wyoming

{(masroinvertabrates, phytoplankton)

Mong

tiological critena. Stream classtications are
basad on siope gradient and summer
lemparature,

None
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CHAPTER 3

Case Studies of Biological
Criteria Programs in Five States

define aquatic life use classifications and en-

force water quality standards. Ohio, Maine,
and North Carolina have made biclogical criteria
an integral part of comprehensive water quality
programs. Florida and Arkansas are using biologi-
cal criteria for specific water quality problems in
their streams and rivers.

Five States are using biclogical criteria to

B OHIO

Ohio has taken the most comprehensive approach
to developing biclogical criteria as a replacement
for best professional judgment (BPJ) evaluations of
surface water quality. To ensure that biological
evaluations would be applicable to all its surface
waters, Ohio based biological criteria on
ecoregions and regional reference sites. Criteria for
the Index of Biotic Integrity (IBI), Invertebrate
Community Index (ICI), and Modified Index of
Well-being (MIwb) have been developed for dif-
ferent site types within each ecoregion. These

numeric indices provide specific gquantitative
measures that must be met to attain the tiered -
aquatic life uses stipulated in Ohio's water quality
standards.

Upgraded use designations based on biologi-
cal criteria have been upheld in Ohio courts, and
an appeal of these decisions has been recently sus-
tained in Ohio EPA's favor. As of February 1990,
the Ohio EPA has adopted biological criteria in the
State water quality standards regulations.

Derivation of Biological
Criteria

Biological criteria for Ohio surface waters are
based on the biological community performance
that can be attained at regional reference sites. This
is consistent with the definition of biotic integrity
as discussed by Karr and Dudley (1981), Hughes et
al. (1986), and Karr et al, (1986). Ohio’s biological
eriteria represent ecological structures and func-
tions that can be reasonably attained given

11



Bigloglcal Crileria: State Development & Implementation

present-day background conditions (Whittier et al.
1987); they do not attempt to define pristine, pre-
Columbus conditions (Hughes et al. 1986). The
biocriteria system does allow, however, for future
adjustments based on long-term changes in back-
ground conditions. Ohio will determine the need
to make adjustments to the biocriteria, biological
indices, or both concurrently with the trennial
water quality standards review.

The Ohic EPA uses three biological indices,
Two are based on fish: the MIwb (Gammon, 1976;
Gammon et al. 1981; Ohio Environ. Prot, Agency,
1987a) and the IBI (Karr, 1981; Fausch et al. 1984).
" The third, the ICI, is based on macroinvertebrates
(Ohio Environ. Prot. Agency, 1987a). Previously,
the State used traditional biclogical measures such
as diversity indices and taxa richness values that
extracted a limited amount of ecologically mean-
ingful and relevant information from the raw data.

Biclogical criteria derived from the indices
vary according to organism group, biclogical
index, site type, ecoregion, and aquatic life use
designation. The geographic organization of Ohio
biocriteria uses concepts from the Ohio Stream
Regionalization Project (SRP) and the ecoregional-
regional reference site approach (Omemik, 1987:
Hughes et al, 1985; Whittier et al. 1987). MIwb and
IBI criteria have been defined for each of the five
Ohio ecoregions for three site types: headwaters
(drainage area < 20 square miles), wading sites
(streams sampled with wading methods, usually
20 to 300 square miles), and boat sites (streams and
rivers sampled with boat methods, usually 200 to
6,000 square miles). ICI eriteria are based primari-
ly on an artificial substrate sampling method and
incorporate stream size differences based on
driinage area. The calibration of the indices and
the resultant bioeriteria consider the effects of
stream size and sampling gear selectivity.

Biolo data from the reference sites have
been to calibrate the biological indices and to
establish ecoregional bioeriteria for all three in-
dices. The individual metric scores must be
calibrated for both the IBl and ICL Sampling
results from reference sites were pooled statewide
to derive metric scores; procedures generally fol-
lowed those deseribed by Fausch et al. (1984) and
Karr et al. (1986). Several of the IBI and all of the
ICI metrics vary according to stream size. A
rela between drainage area (square miles)
and each individual metric was used to determine
the IBI and ICI scoring ranges for each.

Once the biological index seores for each refer-
En:etitewertnlmhbtibmpluuwnrem
structed for each biological index by ecoregion
and site type. These plots contain size,
medians, ranges with outliers, and 25th and 75th
percentiles. Box plots were preferred over means
and standard deviations because th
sume a particular distribution nh‘]uzu. Further-
maore, outliers do not exert as much influence on

- box plots as they do on means and standard er-
rors

. biocriteria for Ohio’s warmwater
habitat use designation are established as the 25th
percentile value of the biological index scores
recorded at the reference sites by ecoregion. For
Ohio’s exceptional warmwater habitat use desig-
nation, biocriteria are based on the combined
statewide reference site data set and index eriteda
are set at the 75th percentile value.

Both warmwater and exceptional warmwater
habitats are defined in narrative terms in the Ohio

- ‘water quality standards and reflect attainment of

the “fishable-swimmable” goals of the Water
Quality Act. In addition, a modified warmwater
habitat use designation is being proposed because
certain waterbodies have been so physically
modified that a warmwater habitat use is unat-
tainable. These biocriteria were determined from a
separate set of modified reference sites, The format
of the biocriteria proposed in Ohio's water quality
standards is fllustrated by the accompanying IBI
values for wading sites for each ecoregion (Table
2).

Application of Biological
Criteria

The longitudinal study design (Le., tracking the
status of an aquatic resource over time) is fun-
damental to Ohio EPA’s biological monitoring ap-
proach and an important factor in determining
waterbody-specific regulatory options. Lon-
gitudinal study results also document im

ments emanating from pollution abatement over a
given period. For example, the general improve-
ment in the IBI in the Scioto River (downstream
from Columbus, Ohic) between 1979 and 1987 cor-
responds to overall reductions in wastewater treat-
ment plant loadings of suspended solids,
ammonia, ni and biochemical oxygen
demand (Figure 3). The effluent loading reduec-

. tions were most consistent at the wastewater treat-

ment plant farthest downstream, particularly at




Table 2—Format of the biocriteria In
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the Ohic water quality standards regulations for the Index of Biotic In-

tegrity and wading sites for fish (comparabile tables exist for othar indices and site types).

INDEX/SITE TYPE

[

' MODIFIED WARMWATER HABITAT (MWH)

ECOREGION | | i

I Excaptional
Hab#at (WWH) Warmwaber Habital [EVWH)

L. Indheee of Biotic Imegrity
(fish)

A, Wading Sites .
1. Huron/Erie Leke |
Flain |
2. Interior Plateau
3. EriefOntario Lake |
Plain |
4. W, Allaghany
Platesy

5. Easlarn Com Belt
Plain

B ORRE N

& & 22 g
g 2 28 g

* Apples to W, Alleghany Plaieau scoregion only.
* Agpiies 1o boat site typa only.

IBI
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Figure 3.—Longitudinal trend of the Index of Biotlc
Integrity for the Scloto River In and downstrsam from
the Columbus, Ohlo, metropolitan sres In 1970 and
18E7. Major water quality impacts are Indicated (vertical
arrows), and flow direction ks from loft o right
(descending river mile order). Source: Ohio
Environmental Protection Agency (1987k).

the plant bypass. In contrast, although historical
loading reductions did occur at the upstream was-
tewater treatment plant, they were not entirely

consistent with substantial increases noted during
1984 to 1987,

These data correspond to a2 continued sig-
nificant impairment of the warmwater habitat use
that extends several miles downstream of the
upstream facility; however, neither wastewater
treatment plant was using advanced heatment
technology during the 1987 sampling. Other
evidence that biological stress remained in 1987 in-
cluded an increased number of eroded fins,
lesions, and tumors on individual fish. Follow-up
sampling continued in 1988 and 1989 to assess the
effects of further anticipated loading reductions,
According to a 1986 U.5. General Accounting Of-
fice report, State and Federal strategies to assess
the direct benefits of improved wastewater treat-
ment lack analyses that compare in-stream

_response with effluent loadings over time.

Biclogical field data have also led to the dis-
covery and improved understanding of significant
environmental problems that otherwise would
have gone unnoticed or received less critical atten-
tion. An example is the toxic impact of the Akron
Wastewater Treatment Plant on the fish and mac-
roinvertebrate communities of the Cuyahoga
River. The magnitude, severity, and pattern of the
response indicated a severe toxic impact unlike the
usual response observed downstream from most
of these facilities. ing to in-stream and ef-
fluent monitoring data, conventional parameters
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such as dissolved oxygen, ammonia, and phos-
phorus improved to levels that are generally com-
patible with healthy aquatic communities.
Concurrent and follow-up bioassay testing’
showed acute toxicity in the influent, effluent,
bypass, and receiving stream in 1984 and 1985.
Toxicity was reduced in late 1985 and substantially
lower in 1935,

_In 1985 and 1986, the fish community under-
went modest structural improvements (e.g.,
higher number and biomass of tolerant species);
however, it was functionally degraded and
showed the remaining effects of significant toxic
shﬂs.ﬂt‘parﬁ:ularnntewmmevﬂ?hwlﬂl and
the remaining high incidence of skeletal deform-
ities and other anomalies in fish, findings that in-
dicate continued subacute stress. This is a classic
example of how toxic problems can be discovered,
quantified, and identified by measuring in-stream
biological community response. In this situation,
the use of chemical sampling or bioassay testing
alone could have significantly underestimated a
serious, continuing, environmental problem.

The result of a 1986 survey of the Little
Cuyahoga River subbasin shows how biclogical
data can reveal environmental degradation that
would otherwise have gone unnoticed. The pat-
tern of biclogical community response indicated
severe toxic impacts in the upper and middle por-
tions of the main stream and impacts of a com-
bined toxic and nic sewage problem in the
lower segment; however, there were no violations
of chemical water quality standards under low
flow conditions. Visual observations reported
good water clarity and no extensive sludge
deposits.

In contrast, the biological response in the mid-
dle portion of the Little Cuyahoga River indicated
the severe Impact of toxic substances. Several
point sources located in this segment are
authorized to discharge noncontact cooling water
and sanitary wastes. Most of the permitted
facilities manufacture plastic and rubber there-
fore, they use and handle organic chemical
products. The observed in-stream biclogical
rei~nnse indicates that contamination of the

re. ngstream is occurring frequently enough to
ket e resident biota suppressed. A follow-up
int*  sion of the study area could focus on how

chezucals are reaching the stream—either through
combined sewer overflows or unauthorized dis-
charges. In this case, current NPDES monitoring
and discharge requirements may be inadequate.

The Cuyahoga and Little Cuyahoga River ex-
amples demonstrate the value of biological field
evaluations in supplementing chemical-specific
and bioassay strategies for point sources. Toxics
programs currently concenirate on process
analyses of the wastewaters. A significant concern
with this approach is its inability to accurately as-
sess and characterize impacts that occur through
runoff, “non-contact” cooling water, spills, and
dumping—all pathways to the receiving waters
other than process discharges. Chemical sampling,
biosurveys, and bioassay testing provide com-
plementary results, therefore concurrent use of all
three approaches is recommended (Ohio Environ.
Prot. Agency, 1987h). '

History
Development of Biological Criteria

" Ohio has intensively surveyed the biclogical com-

munities and water quality of its surface waters
since 1975, These efforts were initially designed to
add a biological component to evaluations that
had been historically based solely on chemical and

~ physical data. The State also wanted to develop a

protocol (other than by best professional judg-
ment) for assigning the newly adopted tiered sys-
tem of aquatic life uses to individual streams and
rivers. By 1980, use of biological data in assigning
aquatic life uses to surface waters was firmly es-
tablished.

In 1981, Ohioc was awarded a construction
grants program to deal with water treatment fs-
sues, which necessitated expansion of the biologi-
cal and water quality survey program.
Overlapping NPDES permit issues were included,
along with the existing concems of the water
quality standards program. In 1983 and 1984, Ohio
conducted a joint project with EPA’s Environmen-
tal Research Laboratory (ERL) in Corvallis
(Oregon) to determine the feasibility of organizing
and evaluating biclogical and water quality data
by ecoregions. The success of this project led to the
eventual development of Ohio’s ecoregion-based
biocriteria in 1987, .

Since 1984, the biological and water quality
survey program and associated techniques have
been used to evaluate nonpoint source impacts,
toxicants, antidegradation issues, spills, combined
sewer overflows, hazardous wastes, posttreatment
upgrades, and habitat modifications. Recently, the
role of this program in litigation and enforcement
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B

begun to be realized. The data collected in
these surveys have facilitated discovery of pre-
viously unknown impairments and an enhanced
understanding of poorly defined problems. The in-
ion provided by this program has been use-
ful for virtually all regulatory, resource protection,
and monitoring and reporting Programs pertain.
ing to surface waters.

Current Status of Biological Criteria

Ohio EFA’s Surface Water Section conducts ap-

proximately 10 to 12 biological surveys with an
- average effort of just over 13 work-year
equivalents per year (based on actual Federal fiscal
year 1987 and 1988 data). This total is down from
the 15 to 20 surveys conducted yearly during the
biocriteria development phase between 1983 and
1986. Approximately 26 percent of Ohio EPA's
Division of Water Quality Planning and Assese

ment resources are devoted to field, assessment,

and laboratory activities.

New initiatives present the possibility of a
continuation, if not an outright expansion, of the
existing level of effort. Potential new areas of in.
volvement include supporting projects within the

Ohio EPA Division of Emergency and Remedial

Response, Ohio Senate Bill 180, Lake Erie initia-
Hves, and several miscellaneous projects.

The 1989 Ashtabula River Survey, made at the
request of the Division of Emergei and
Remedial Response, was the first official effort in
support of natural resource damage assessment
(NRDA). The biocriteria and associated impair-
ment quantification approaches are particularly
useful for NRDA types of projects. Senate Bill 180,
if passed in a suitable form, could provide addi-
tional resources for field and data evaluation as-
sociated with NPDES permit issues, which would
coincide with existing efforts and help to offset im-
pending declines in Federal grant support.

Currently, Ohio EPA’s resources will cover ap-
proximately 75 percent of the NPDES issues that
need at least one biosurvey evaluation, The agency
has instituted a “five-year basis approach” to
NFDES permit reissuance and ambient support
monitoring, This rotating basis system is designed
to promote more efficient use of ambient monitor-
ing resources and ensure timely results.

Anticipated benefits of continuing the existing
survey program include follow-up evaluations of
newly constructed or upgraded treatment facilities

and responses to concerns about current water
quality-based permit limits, particularly “low”
metal limits. The Lake Erie initiatives include an
effort to refine aquatic life assessment criteria and
conduct the basic monitoring needed to charac-
terize problems in the Lake Erie tributary river
mouth and harbor areas. Other areas incdude inter-
actions with environmental groups—such as The
Mature Conservancy—and  with nongame

programs sponsored by the Ohio Department of
Natural Resources,

Discussion

Program Resources

Since Ohio’s quantitative biological surveys began
s a grass roots effort in the late 1970s, it is diffieult
to identify all of the resources that went into initial
development of biological criteria. In addition, a
critical part of the program was basic research into
the ecoregion concept that serves as the basis for
the reference site evaluations in the criteria. Ohio
wias one of three test States for EPA ERL-Corvallis’
Stream Regionalization Project, which developed
general concepts, procedures, and specific maps
that greatly aided other States that were initiating

ecoregional biocriteria programs and undertaking
similar habitat classification research.

In Ohio, the sampling required for the refer-
ence site system (approximately 300 sites) was ac-
complished over an eight- to nine.year period.
Although most reference sites were sampled in
1983-84, costs for other States could be spread out
over a longer period. Ohio’s cost estimates for
ecoregional criteria development are $222,000 for
fish sampling (300 sites at 2.1 work-year
equivalents) and $247,200 for macroinvertebrate
sampling (300 sites at 4.8 work-year equivalents),
for a total of $469,200 or approximately $1,500 per
site for both fish and macroinvertebrates, Thinly
populated States will need approximately $50,000
to develop a reference site system, while Very
heavily populated States might need more than
$500,000. In Ohio, regular reference site survey ef-
forts are spread over several programs, and about
10 percent of the sites are resampled each year.
Other States’ existing survey programs may pro-
vide an adequate database.

Ohio EPA has operated an intensive stream
and river survey program since 1977, In the last 10
years, the program has assessed more than 500
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streams, rivers, and lakes covering nearly 8,000
miles by using standard field collection and data

analysis technigues. Fish have been monitored at

nearly 3,000 locations, macroinveriebrates at near-
ly 2,200 locations, and chemical and physical
water quality at nearly 2,300 locations (with an
average of three to five samples per location) in
each individual segment and basin evaluation.
More than 950 point source discharges have been
evaluated for environmental impact. Overlapping
nonpoint source influences and previously un-
known or unqualified impacts, such as combined
sewers, bypasses, and unauthorized discharges,
were identified and evaluated in many areas, and
monitoring in support of wasteload allocations
and whole effluent toxicity assess- ments was per-
formed as well.

This history of using a standard and sys-
tematic application of biological field monitoring
techniques, along with more traditional chemical,
Physical, and recently emerging bioassay assess-
ments, has allowed a detailed comparison of the
costs of each component. Qut of the nearly 100
work-year equivalents devoted to monitoring and
laboratory activities within Ohio’s Division of
Water Quality Flanning and Assessment in
Federal fiscal years 1987 and 1988, biosurvey ac-
tivities used 19.34 work-year equivalents or just
over 19 percent of the division total. By com.
parison, activities related to toxdics and permit sup-
port used 2645 work-year equivalents (26
percent), chemical sampling and laboratory
analysis 36.18 work-year equivalents (36 percent),

and other activities (general technical assistance,
enforcement, 401 program, 305b report) 17.96
work-year equivalents (19 percent),

Comparative Cost Calculations

The costs of fish, macroinvertebrate, and chemical
and physical grab sampling and bioassay evalua-
tons were calculated using Federal fiscal year
1987 and 1988 data available from Ohio EPA's
Time Accounting System and Integrated Work
Programs and were submitted to EPA for each fis-
cal year. Cost items considered were personnel
(salary, fringe benefits, and overtime), supplies,
equipment, travel, communication, utilities and
rent, maintenance, computer charges, printing,
and miscellaneous expenses.

An attempt was made to account for the uni-
que requirements of each monitering component.
For example, the equipment costs for the fish,
macroinvertebrate, and bioassay monitoring were
amortized over periods ranging from 5 to 10 vears.
For other cost categories, such as rent and utilities,
the percentage of the work-year equivalents
devoted to each monitoring component was used
to determine the share of such costs based on the
total budget (Table 3). A factor of 23 percent was
assessed to reflect fringe benefits and other in-
direct costs. '

Administrative support costs common to each
of the monitoring components were not included
because they are shared equally and would be

Table 3,—0hlo EPA personnel costs in Federal fiscal years 1987 and 1988 (less 23 percent fringe factor) for sur-

face water quality program activities.

| WORK-YEAR EQUIVALENTS DOLLARS
PROGRAM
1087 1888 Total 1887 1883 Total
Biclogice Zipid® 1 .82 .52 19.34 275,763 280,518 556,281
ToxdenParmits® L 1208 12.48 26.45 343,504 384,278 727,870
ChemicalLab® I 16.72 15.46 36.18 409,683 517,367 827,030
Ottt T.55 1041 17.96 245,263 328,423 570,688
TOTAL i 48.08 51.88 99,83 1,274,283 1,507,584 2,781,087
:Lu%ﬁ samgling. catn analysic, data inlerpratation, Bocrtaria davelopmont, QAVGE methods, and ntgrated inle pretation of Biciogical

‘mm;mnﬂummqnlmﬁmmmhrwmnm-rdmmm-lyanmwhrmwI.nhnrm
‘MmmmmmunmmmmmithMIml pragram, district agtivitias (complaints, complisncs samplingl, sn-
fertemant suppon, and ganaral tachrical assistance.
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provided even if a component is eliminated. After
total costs are calculated, the cost per unit is
derived by using work outputs from Federal fisca]
years 1987 and 1988. Costs are broken down by
sample collection, laboratory analysis, test, evalua-
tion, and all data analysis and interpre- tation ac-
tivities as appropriate for each component.

For fish community assessment, the cost per
sample was $340 and the cost per site, 5740, (The
cost difference reflects multiple sampling in cer-
tain sites.) Standard electrofishing iu:hh::lli;ues are
used, and each site is sampled once, twice, or three
times (depending on of sampler and stream
size) during the surnmt}rﬂune through early Oc-
tober). These semi-quantitative methods measure
relative abundance (in contrast to population and
standing crop estimates).

Macroinvertebrate sampling costs $824 per
site for artificial substrates (which includes
qualitative dip net monitoring) and $275 per
sample for qualitative dip net efforts only. Artifi-
cial substrate data are collected by using com-
Pposite samples of five artificial substrate samplers
sets for six weeks during the summer. Qualitative
samples from the natural substrate are collected at
the time artificial substrates are retrieved and fig-
ure in the $824 cost. Some smaller streams can be
sampled through qualitative technigues alone.

The cost information presented here is con.
trary to the widely held view that collecting
biclogical field data is unusually expensive. The
cost effectiveness demonstrated in this assessment
can be attributed to a standard, systematic ap-
proach to study design, field methods, and data
analysis. The information and analysis presented
in this assessment demonstrate that biological
field monitoring is cost competitive with chemical,
physical, and bioassay monitoring components
when using a reasonable and systematic approach
to data collection. Water monitoring programs are
faced with two competing objectives: (1) the need
to evaluate as many sources as rapidly as possible,
and (2) the need to have valid, accurate, and com-
plete data on which to base and defend decisions.
A program that judiciously uses an a riate
mix of chemical-specific, bicassay, and
components should adequately meet these objec-
tives.

While the foregoing analysis discusses relative
monitoring costs, complete assessments of the en-
vironmental costs of biological field moni
programs should also consider the negative conse.
quences to decisionmaking and regulatory actions

that can result from not having an adequate un-
derstanding of an aquatic system.

Program Evaluation

Three important lessons were learned from Ohlo’s
experience with biological criteria:
W Crucial decisions made on what information
bo collect have long-term COnSequences;

B A standard system for consistent data collec.
tion and analysis is essential; and

W Only adequate representative samples,
rather than exhaustive inventories, are
needed al each site.

The decision to use a standard system kept the
program sufficiently flexible to accommodate new _
water quality objectives and changing data evalua-
tion methods. Ohio undertook test sampling to
determine the sample sizes necessary for drawing
valid conclusions and thus, by limiting sampling
effort, demonstrated that biological sampling is
cost effective.

By adhering to these three principles, Ohio’s
i criteria program was able lo evolve
from an initial qualitative assessment of benthic
Mmmurﬁﬁﬁ[gnud,ﬂinnrpnuqhudmheﬂ
professional judgment) to a quantitative set of
ecological indices—IBI, Miwb, and ICT—based on
comparisons with ecoregional reference sites. For
Chie, the outgrowth of the Stream Regionalizalion
Project of 1983-84 was the refinement of quantita--
tive indicators, including the develop- ment of
their own Invertebrate Community Index, and the
eventual adoption of biological criteria in water
quality standards.

A third and still partially unresolved problem
encountered during this process was the difficulty
in communicating the principles and advantages
of biological criteria o sts.  Ad-
ministrators unfamiliar with this approach often
viewed it as unn or overly expensive.
Ohio has learned that it is essential to emphasize
the link between biological criteria and the ability
to make better decisions relating to water quality
regulations. Knowledge of the importance of this
link must be communicated to agency personnel,
EPA, legislators, and the regulated community.

Ohio has attempted to communicate through a
series of recently instituted three-day training ses-
sions on water quality surveys and permit proce-
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dure, These programs, which were held in each of
our five district offices, were successful in break-
ing down some of the barriers to communication.
For further information, contact Chris Yoder, Ohio
Environmental Protection Agency, 1800 Water-
mark Drive, PO. Box 1049, Columbus, OH 43266-
0149; (614) 466-1488.

N MAINE

To improve its surface water management
capabilities, Maine is applying a biological ap-
Pproach to water quality classifications and critera.
In April 1986, after four years of negotiation with
industry and environmental groups, the Maine
legislature enacted the revised Water Quality Clas-
sification Law, which includes language specifical-
ly designed to facilitate biological assessments.
Each waterbody class liste the descriptive aquatic
life conditions necessary to attaining it. To imple-
ment the new classification system, the Maine
Department of Environmental Frotection has
developed specific biological criteria that will be
used to support the statutory aquatic life uses in
the Water Quality Classification Law.

Development of Biological
Criteria

The initial water quality classification system for
Maine was developed in the 1950s and survived,
essentially unmodified, through the early 1980s.
During that period, dramatic changes occurred in
Maine's water quality, regulatory policy, and the
sophistication of available assessment techniques.
After State and Federal restrictions were placed on
the discharge of pollutants, water quality im-
proved and the public’s perception of uses for the
State's aquatic resources changed. The original use
classification law contained unrealistically restric-
tive aquatic life standards that were undifferen-
tiated by water quality class and were, therefore,
unenforceable, For these reasons, the Bureau of
Water Quality decided to overhaul the use clas-
sification system.

Administrators at the Water Bureau Tecog-

nized that in-stream biological surveys provided
important information that was generally unavail-
able, Staff with advanced training and experience
in using benthic macroinvertebrates in water

quality assessments had been collecting macroin-
vertebrate data since the mid-1970s to evaluate
point source and nonpoint source impacts; there-
fure.l:hﬁrhlddev:lnpedliaiﬂy sophisticated un-
derstanding of how biological communities in
Maine's rivers and streams responded to environ-

_mental stress, :

With this basis, the Department of Environ-
mental Protection’s Water Bureau began to revise
the use classification law to defire different levels
of ecological integrity for each dassification. Con.
currently, they developed a standard macroinver-
tebrate sampling regime and began surveys above
Indbehwaﬂm:jurpnhﬂmumsinﬂwstmns
mﬂailnadlurﬁrynfumlishrr’hedﬁwrlnd
stream reaches. The new classification system was
then ushered through the la ing process. Two
macroinvertebrate biologists drafted the aguatic
life standards and in

Water quality standards in the Maine law were
written to be broadly applica ble. Specific im.-
plementation is accomplished through a set of
rules or regulations that can be changed to accom-
modate advances in assesement techniques. These
rules (the numéric and qualitative bi
criteria) are currently being developed from the
empirical findings and statistical analyses of the
standard macroinvertebrate database,

Program Rationale

The need to revise the classification law opened up
the possibility of expanding the roles of biological
information both in program planning and as a
feedback loop to evaluate overall water guality
management efforts. The Water Bureau believed
that the creation of explicit aquatic life standards
would ensure active consideration of aquatic life
Tesources in management decisions and give a
statutory basis for enforcing and managing dis-
charges harmful to aquatic life.

Macroinvertebrates were chosen to be the nep-
resentative subcommunity because of their practi-
cal and theoretical advantages as indicators and
because staff with substantial familiarity and tech-
nical expertise with these organisms worked
within the Water Bureau—two masters-level
aquatic entomolegists, both with masters’ theses
on the use of aquatic invertebrates in water quality
assessment and extensive field experience.
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History

Derivation of Biological Criteria

The 1986 law that revised Maine's water classifica-
tion system was not designed to change existing
water quality levels but to improve the Depart-
ment of Environmental Protection’s ability to
monitor and manage surface waters. Under a pre-
vious law, a single aquatic life statement—"Dis-
charges shall cause no harm to  aguatic
life"—applied to four water quality classes. Count-
less biological studies demonstrated that it was
© impossible to enforce this restrictive statement
across all classes of effluent-receiving waters.
Maine waters that were clearly attaining the mini-
mum chemical and physical standards of the
lowest class could not meet the “no harm to
aquatic life” criterion because some sensitive in-

digenous species had been displaced.

The revised classification systemn has classes of
different quality and therefore, different aquatic
life uses, including both pristine recreation.
oriented waters and waters of lesser quality with
industry and agriculture. The 1986 law defines dif-
ferent Jevels of aquatic life use (ecological in-
tegrity) for each water quality classification (Table
4) and also specifies bacteria and dissolved oxygen
criteria. .

With its refined biological classification system
and standard benthic macroinvertebrate database
in place, Maine has identified sets of significant,
measurable ecological attributes associated with
each aquatic life standard (Table 5). For example,
the State’s highest water quality class—A A—has a
standard stating that “aguatic life shall be as
naturally occurs.” The ecological attributes iden-
tified for this standard are taxonomic equality (as
compared to a pristine reference site), numerical
equality (as naturally eccurs), and the presence of
pollution-intolerant indicator taxa. The identifica-
tion of ecological attributes associated with each
standard allows designation of indices and
measures of macroinvertebrate community strue-
ture that are most sensitive to the evaluaion of
sets of attribubes.

For example, for Class AA, the set of metrics
includes measures of similarity, abundance, rich-
ness, EFT (pollution-intolerant Ephem- eroptera,
Plecoptera, and Trichoptera), lists of indicator taxa,
and biotic indices. Criteria are derived from statis-
tical evaluation of the statewide database and are
designed to provide a pass, fail, or no decision test
specific to each class (Courtemanch and Davies,
1989), rather than arbitrary ranks of good, fair, or
poor. A linear discriminant model is constructed
that provides a probability that a community fits a
particular class. The data set is also tested using in-

Table 4, —Classification scheme for aquatic iife uses in Malne's fresh waters.

WATERBODY MANAGEMENT PERSPECTIVE LEVEL OF INTEGRITY
Rivare and stroama  High quality waber for preservation of recreations! and Adguatic life shall be as naturally oecurs.
Clgeas AR ecoingical intarests. Mo dischinges of any kind pemmisted .
Mo impoundment parmitbed.
Class A High quality water with Bniled human imearfarence, Agquatic Be shall be as nafurally cocurs.
' Dischargas restrictad 1o noncontact process water or
highly treated wastewsater of qualsy equal 1o ar bather
than the receiving water. Impoundment parmitisd.
Class B Good quakty water. Dischargars of wall-treated euednts Amblant water guality suficient to support
with ample dilution permitied. e stagas of all indiganous changes in
comimunily compoaition may ooour,
Class © Lowast quality water. Requiramants consistant with Interim Amblant waler qualty sufficient o suppart
goals of the Federal Waber Quality Act (fishable and the e stages of all indigenaus fish
wwimmabba). spacies, Changes in spacias composition
imey aesur bt struciure and function of
the soualic community must ba
mBirTLairsd.
Lakes and ponds Prasarvation of their natural quelty to sustain a varisty of Traphic state shall bo stakls or
Class GPA habitats and recreationsl vses, Mo new discharges allowed decreasing. Wator shall be fres of
in thiedr tributadias. culturally induced algas blooms.
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Table 5,—Dastermination of biological standards for Maine surface waters,

LEVEL OF INTEGRITY ECOLOGICAL ATTRIBUTES METRICS

hatiral Tacicnamic equality Parcanit simBarity, taxonomic similarity,
Humerlc eguality total abundance, richnees, EP,
Presence of intslarand taxn indicator tca, bioBe index

Uinimpalred Reteriion of taxa Coeffcient of community loss, richness,
Ratantion of numbera divarsity, EFT, relative téxa abundencs,
Absanca af hyperdominamnos funcional feading groups. Indcalor taxe
Presance of intclerant taxa hilatic Index

Maintaln structure Balsnced distdbution Coetficlent of commumity loss, richness,

mnd function Radundance dhversiy, relative tExe nbundanca,
Raslstance to change todil abundanca, indiciitor taxa,

Fesouwrce aealmilation

functional feading groups

dicator taxa and comparative indices to further
verify placement in a particular classification.

Application of Biological Criteria

In Maine, both chemical-specific and effluent
toxicity criteria are used to evaluate water quality
treatment, while ambient bicecriteria provide
evaluations of aguatic life use attainment. Within
the textile industry, Maine has found numerous
situations where reliance on only one or two of
these types of criteria would have incorrectly indi-
cated compliance with a designated use category.
In one example, chemical-specific and effluent-
teadcity criteria were in compliance, yet evaluation
of the resident biclogical community found
declines of up to 80 percent in macroinvertebrate
richness and numbers. Positive in-stream findings
of nonattainment serve to Irigger cooperative
problem identification and resolution among
biologists, operations and maintenance engineers,
enforcement staff, and technical staff employed by

the discharger. The primary goal of Maine's

Department of Environmental Protection in-
stream biomonitoring program is to provide feed-
back concerning the results of State efforts to
protect aquatic life resources. The program is not
expected to play a significant role in permit wril-
ing: however, information from it will be used to
assess the degree of protection afforded by effluent
limitations. As the freshwater biomonitoring pro-
gram is becoming operational, the State is
developing a marine biomonitoring and bio-

Discussion

Program Resources

Initially, ome full-time and two part-time ad-
ministrative and planning biologists worked in the
biological effort; most of the taxonomic identifica-
tion and sample sorting was contracted out. A con-
tractor was hired to program the database
management system, and State university faculty
contracted to give professional statistical advice, A
second full-time aquatic biologist was hired in
December 1988, when the two pari-time biologists
significantly reduced their day-to-day activities. ..
During the summer field season, a quarter-time or
half-time summer student assisted in field ac-
tivities and data editing.

The annual salaries for the full-time biologists
range from $25,000 to $30,000 annually. The part-
time biologists were employed for less than 20 per-
cent of the time and drew full-time equivalent
salaries of $33,000 to $35,000. The contracts for
taxonomic work average $9,000 to 511,000 per year
during intensive baseline data collection years. A
somewhat lesser amount is expected during
routine monitoring years.

Maine’s Department of Environmental Protec-
tion received a $15,000 Supplemental 106 program
grant through EPA Headquarters and Region I at
the end of 1988; of this, the department spent
$6,000 on a computer programming contract. The
data management system uses dBASE III and
Microsoft Excel on a IBM PS/2 Model 70 com-
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puter. Stalistical support is funded through a
$2,800 contract from the Supplemental 106 fund-
ing source. .
The sampling gear used by the

dredges, D-nets, wire baskets jor artificial sub-
sirates, and homemade deep river samplers—is
durable and costs less than $2,000, Most of the gear
lasts 3 to 5 years, except for dredges, which last 10
to 15 years. The depart- ment's methods manual
describes field, lab- oratory, and analytical techni.
ques,

Program Evaluation

In 1983, Maine started sampling for baseline data.
The law stipulating baseline monitoring was first
drafted and submitted in 1982 then it was
redrafted in different legislative sessions until be-
coming law in 1986. Intensive legislative commit-
tee negotiations consumed nearly a year and took
precedence over advancing the technical aspects of
the program. Because industry was wary about
perceived radical changes in assessments and
standards (impact standards versus traditional
performance standards) that Maine Was _propos-
ing, considerable time was spent trying to gain its
acceptance.

Developing a data management system took a
large amount of time because, initially, the depart-
- ment lacked a full-time programmer. Because the
program was understaffed, improvement in tech-
nical aspects had to be delayed to sustain ad-
ministrative momentum. Program staff have
recommended that adequate backup personnel be
hired for the extremely labor-intensive sampling
and data-handling activ- ities. For further informa.
tion, contact David Courtemanch or Susan Davies
of the Maine Department of Environmental Protec-
tion, State House Station Ne. 17, Augusta, ME
04333; (207) 289-7780

B NORTH CAROLINA

North Carolina has used its extensive b ical
monitoring program as the basis for developing
administrative biological criteria to protect aquatic
life in surface waters. The State uses standard
biclogical methods to assess impairments of narra.
tive water quality criteria that define the status of
aquatic life. Biological classification criteria also
define outstanding resource waters and high
quality waters. Currently, North Caroling s

evaluating ecoregions and stream size variables as
a means to refine present use classifications.

Derivation of Biological
Criteria

North Carolina has a variety of geographic zones
and waterbody types. Critera have been
developed for each of the State's major geographi-
cal regions to measure the degree of impairment of
resident biota, The resultant standard methad fol-
lows a scientific protocol and allows for rapid and
cost-efficient data collecting and processing. The
method provides a good sample of the stream in-
vertebrate community, relates well to chemical
water quality, and is reproducible. Seasonal
variability exists within different ecoregions, but
the standard method provides data consistency
within a rapidly growing database.

Biological information has been included in
the water quality program in North Carclina since
the mid-1970s, At first, in-stream benthic macroin.
vertebrate sampling was used extensively in sup-
port of the original 208 nonpoint source program;
however, various qualitative and quantitative col-
lection technigues have been instituted and
evaluated for cost-effective data collection and as
defensible assessments of streamwater quality.
This assessment led 1o the development of a
qualitative method that can be used to sample the
entire benthos within a stream and collect num-
bers of total taxa and sensitive taxa—such as.
Ephemeroptera, Plecoptera, and Trichoptera, - o

Macroinvertebrate surveys provide excellent
information in flowing, wadeable streams but are
of limited value in lakes, large rivers, and es-
tuaries. Where eutrophication problems are of spe-
cial concern, phytoplankton populations are
evaluated in association with physical, chemical,
and hydrological analyses. Phytoplankton assess-
ments are made by a scientifically accepted
method and provide comparable data from
various waterbodies throughout the State.
Documenting existing and potential problems by
these means has resulted in management decisions
and use classifications that provide additional
protection to these waterbodies.

North Carolina's regulations do not contain
specific biological indices and metrics, yet biologi-
cal data and biocriteria are intrinsically linked to
the use classifications and the standards that
protect these uses. These data and criteria are used
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extensively to identify waters of special concern
and those of exceptional auallt}r. Narratives for the
protection of agquatic life are incorporated into
both the regulations and standard biclogical
methods and are used to assess impairments to
water quality. Proposed revislons of North
Carolina’s water quality standards in the triennial
review process address the use of biomonitoring
data in wse classification and antidegradation
policy.

Application of Biological
Criteria

All use classifications in North Carolina’s regula-
tions require protection of aquatic life. The least
restrictive freshwater classification is for general
waters (Class C) defined in the regulations as fol-
lows:

W Class C: freshwaters protected for secon-
da%re:rﬂﬂm. fishing, and aquatic life
including propagation and survival; all
freshwaters are classified to protect these
uses at a minimum.

The State employs biological, chemical, and
tesdeological data to identify impairments to uses
in-stream, define the sources (point or nonpoint)
of impairment, and ensure that management
decisions lead to appropriate corrective actions.
More restrictive standards apply to drinking water
supplies, including restrictions on types of dis-
charges and requirements for local land manage-
ment programs. Stricter limits to prevent

bacteriological  contamination  have been
developed for waters classified for organized
swimming,

Aquatic life uses are also protected in coastal
waters, which are defined as follows:

W Tidal Saltwater Classifications (SC).
Class SC: saltwaters protected for secop-
dary recreation, fishing, and aquatic life
incloding tion and survival; all
saltwaters are classified to protect these
uses at a minimum.

Again, more restrictive standards apply to
waters identified as suitable for organized swim-
ming (SB) and for waters classified as suitable for
commercial shellfishing (SA). These restrictions in-
clude both point and nonpoint source controls.

There are supplemental classifications within
the regulations to protect waters with unique fea-
tures that require specific criteria or management
tools (Table 6). Use attainability analyses, includ-
ing biological data, define the segments or water-
sheds to which supplemental classifications are
added. :

Both high quality waters and outstanding
resource waters require a rating of excellent by the
biological criteria. The biological classification
criteria for this determination, listed in Table 7, are
used for free-flowing streams across the State.
Work continues on addressing other variables
siich as ecoregions and stream size to expand or
improve the resolution of the bioclassifications
relative to water quality.

Tablo E.--Euppiemaﬂtul use classifications in North Carcling's water quality standards.

USE DESCRIFTION

Trow YWaters (Tr) Frashwetars protacted for netural froug progagation and survival of stocked troud,

Swamp Walors [(Sw) MmmmmmmﬁwnﬂmﬁHmmMHmu.ﬂammmmm

Stroams.

MNutdent Sensithve Waters Walors subject 1o axcesshve growths of microscople or macrescople vegetation regquiriesg limitations
(NSW) @n nutrient inputs.

Cuistanding Resource Unlgua and speclal waters of excepSionsl state o natansl fecreational of gcclogical significanca
VWatars (OFW) that requine special protection to mairtain existing uses.

High Quality Watsrs Walars ralod B8 excallont based on biclogical and physicalichemicsl charactaristics through
(HTW Divislen of Environmental Management menitaring or special studias, all nathe and spacial native

trout waters fand their tibutarios) designated by the Wiidife Resou
Bupply watsrshads that are althir clessifed ae WS.|

roes Commission, all walas
of WS-l or those for which a formal patision for

reclazsificalion &s WS-1 or WS-I1 has been received from the appropriats local pevemnmant and ag-
capied by the Dhvision of Environmental Management, and all Class SA walers.
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Table 7.—Biologlcal criterla (Sger)® for different:
reglons of North Carolina used to determine water
quallty levels for specific use classifications.?

WQ Raling Mountsing Pledmont  Coastal A® Coastal B°

Excelient > 41 > 31 > 27 =11
Good az2-41 24-31 27 11
GoodFalr  22.39 1623 14.20 (X3
Fair 12-21 8-18 13 35
Poor 211 0.7 0-5 02

* Sarr - Taxa richnaas tor Ephermesoptars + Plecopbars «
Trizhapbana

‘mmmmnmmmmm
“mnglior slream size

* Shaliow, fast moving
* Daep, sicw Moving

The nutrient sensitive water classification re-
quires a determination of existing or potential
degradation relative to eutrophication; to make
this determination, North Carolina uses
phytoplankton data combined with measures of
chlorophyll a, nutrients, and other limnological
data. Target values are derived, nutrient budgets
prepared, and management strategies (including
peint and nonpoint source controls) developed to
protect uses in nutrient sensitive water water-
sheds.

The algal bloom program has successfully
identified waterbodies that have impacts restricted
to cove areas with problematic nutrients derived
from a particular source or sources rather than an
entire watershed. The following chiorophyll a
standard, accompanied by biological data, pro-
vides a means to prohibit or limit discharges of
waste into impaired waters,

B Chicrophyll & (corrected): not Ereater
than 40 pg/L for lakes, reservoirs, and
other slow-meving waters not designated
as trout waters, and not greater than 15
ug/L for lakes, reservoirs, and other slow.
moving waters designated as trout waters
(not applicable to lakes and reservoirs less
than 10 acres in surface area); the commis-
sion or its designee may prohibit or limit
any discharge of waste into surface waters
if, in their opinion, the surface waters ex-
perience or the discharge would result in
growths of microscopic or macroseopic
vegetation such that the standards estab-
lished pursuant to this rule would be vie-
lated or the intended buest usage of the
waters would be impaired,

- useful

Hlstnry

Development of Biological Criteria

Before 1974, North Carolina monitored water
quality by collecting data for conventional pol-
lutants in streams receiving poorly treated wastes
bearing large amounts of biochemical, OXYEET-
demanding substances. A combination of special
monitoring studies and an extensive ambient net-
work documented the often severe impacts on
North Carolina waters. At the time, the North
Carolina Division of Environmental Management
consisted entirely of engineers, chemists, and tech-
nicians. Transport and fate models were used to
determine the extent and Jocation of oxygen deple-
tion points in streams.

In 1974, Nerth Carolina’s Division of Environ-
mental Management hired its first biologist and
began to use EPA-approved methods to gather
data on plankton, periphyton, and benthos. As col-
lection of in-stream biological data was new to the
State, division managers had to be convinced of
their value as a tool in water quality management.
At the same time, staffing to assess in-stream
water quality was expanded with 208 funds. New
personnel provided increased expertise in macro-
invertebrate ecology that was used to document
nonpoint source impacts throughout the State. Al-
though the division was diversifying by using new
funding, it was not integrating the programs to
fully use in-stream results and maximize staff ef- -
ficiency. The parallel operation of two programs
with the same objective exacerbated the problems
of limited funds and staffing.

The biologists within the Division of Environ-
mental Management recognized a need to develop
& new macroinvertebrate sampling m ,
The artificial substrates then being used did not
sample the entire benthic community, required
repeated trips to the site, and were often found
missing on return trips because of vandalism or
high flows. Therefore, semi- qualitative techniques
were developed (Lenat, 1988) that improved ways
data were used for biological assessment and
proved to be more cost effective. As a result, more
criteria  and  bioclassifications  are
developed.

The impacts associated with cumulative load-
ings of nutrients into lakes and ‘slow-moving
rivers led the Division of Environmental Manage-
ment  to  add expertise in  limnology,
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phytoplankton analysis, and watershed modeling,
The staff of the Water Quality Section, including
planners, modelers, and biologists, worked

together to develop management strategies for

State watersheds that eventually lead to the addi-
tional classification of nutrient sensitive waters,
This program provided cost-share funds to the
agricultural community and required nutrient
reductions of permitted dischargers throughout
these basins. A statewide algal bloom program, in-
itiated to document the occurrence and magnitude
of algal blooms associated with fishkills or aes-
thetic problems, provided feedback to the regional
* offices, information to managers dealing with con-
cerned citizens, and identification of areas that
needed more intensive investigations.

In 1983, an Agquatic Toxicology Group was
formed to complement the traditional water
qu:lity assessment of impacts from permitted dis-
cherges, This program has werked closely with
EPA throughout its development and has become
a unit within the divisions Water Quality Section.
Intensive surveys being conducted by this unit in-
clude the identification of causative factors of
toxicity within the effluent and in-stream assess-
ments by the biologists to verify the extent of im-
pact in the receiving waters. “Tox limits” are now
designated for all major and complex wastes
within the NFDES discharge permits.

In 1981, a lakes program was initiated to iden-
Hfy the trophic status of public lakes throughout
the State. Twenty to 30 lakes have been sampled
each summer on a rotational basis to characterize
their existing water quality status. This informa-
tion has been useful in addressing public concerns
and identifying lakes in need of more intensive
work. The Intensive Survey and Biological Assess-
ment groups are now located within the Ecosys-
tems Analysis Unit, which collects, analyzes, and

reports the chemical, physical, hydrological, and
biological data needed for assessments.

Integration of biclogical and chemical data has
identified impacts in cove areas and other poorly
circulating waters before whole lake or whele es-
tuary problems have occurred. The North Carolina
Environmental Management Commis- sion has
passed regulations that allow the director to limit
nutrient discharges into areas that have been
determined impacted or may be potentially im-
pacted from excessive growth of macroscopic or
microscopic vegetation. More intensive lake sur-
veys are continuing in lakes with these problems,

Current Status of Biological Criteria

Catchments with water quality that exceeds the
standards and criteria necessary to maintain a
healthy aquatic community and support all exist-
ing use classifications have also been identified.
New regulations include an antidegradation state-
ment and use classifications that provide added

protection. As previously mentioned, these clas-

Ssifications are outstanding resource waters and

high quality waters, both of which are discussed in
some detail in EPA's draft monitoring program
guidance. It is important to note that, in these clas-
sifications, excellent water quality must be iden-
tified from both biological and chemical
monitoring data. Staff biclogists must survey to
determine which watersheds and stream reaches
should be given these new classifications.

Cumulative impacts associated with multiple
discharges and nonpoint source inputs are the
most difficult to identify through monitoring,
North Carolina’s Water Quality Program deter-
mined that measuring a second trophic level of or-
genisms in free-flowing streams would aid
assessments of such impacts; therefore, fish com-
munity structure surveys and (eventually) eriteria
will be d d to address this need. This work
should be especially helpful in addressing impacts
from sedimentation, which is one of North

Carolina’s largest pollution problems.

Discussion

Program Resources

The most important aspect of a new or expanding
monitoring program is that it meet the needs of
the administration by improving evaluative
capabilities cost efficiently. As in any program, the
scope of North Carolina’s monitoring and criteria
efforts is determined by available resources. Data
use is driven by the regulations. In North Carclina,
narrative biclogical criteria are tied to use clas-
sifications within the regulations and to a strong
antidegradation statement. This structure, com-
bined with the support of water quality managers
and the Environmental Management Committee,
has produced a program that can successfully con-
duct assessments for enforcement  actions,
management plans, nonpoint impacts, and im-
pacts from NPDES discharges.
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As programs grow, it will be important to
maintain efficiency by integrating all aspects of
monitoring, Biological, chemical, and tosdcological
surveys often address only one problem when a
set of coordinated conclusions is needed. This
coordination is enhanced if all monitoring efforts
are located within one section in the organization.
Program diversification through the addition of
specialists in different aspects of monitoring is
only as efficient as this coordination, Also, funding
must increase as programs grow in response to ad-
ditional management needs, or the quality and ef-
ficiency of the work will suffer,

Fluctuating funding is one of the most difficult
challenges that face States’ biological monitoring
and criteria programs. In Naorth Carolina, the 208
funds that provided expansion capabilities disap-
peared and a similar history applies to the 205
funds. Clean Lakes grants are short-term, and the
fate of 319 funds is in question,

Water quality monitoring should be a stable
and progressive process. Expanding programs on
short-term or unpredictable funding is generally
detrimental. North Carolina water resource staff
feel that better decisions about the program’s level
of effort would be possible if the existing
patchwork of funds were diverted to the 106 grant,
A more stable source of Federal funding would
allow the State to better deal with the balanee of
. Stabe and Federal funding and to maintain consis-

tency in its program.

Program Evaluation

Biological information has become integrated into
every phase of operations within the Water
Quality Section. Narrative standards within Norih
Carolina’s Water Quality Regulations support the
use of biological assessments in evaluating point
and nonpoint source pollution as well as in iden.

tifying and protecting best wuses of MNorth
Carolina’s surface waters. Within North Carolina's

program, biclogical assessments can accomplish
the following:

* Identify temporal and spatial changes or
trends in water quality,

* Analyze effects of point source pollutant
discharges in streams,

* Screen for potential toxic impacts,
* Verify toxic in-stream impacts,

* ldenllxcumulaﬁve impacts for use in a
wa modeling approach, |

* Provide use attainability analyses for
determining existing and appropriate uses,

* Identify watersheds with water quality
. than existing standards,

* Provide data support for enforcement
actions,

* Conduct ecosystem analyses for complaint
investigations such as fishkills and aesthetic
problems,

* Provide trophic status analyses for lake
characterizations,

* Assess existing or potential impacts relative
to nutrient enrichment,

* Supply data to support 401 review
processes,

* Document improvernents that result from
wastewaler facility improvements,

* Provide data support for 305b documents, -
* Assess nonpoint source impacts, and

* Documeént in-stream improvements that
-result from implementation of best
management practices.

For more information, contact Jimmie Ower-
ton, North Carolina Department of Environment,
Health, and Natural Resources, 4401 Reedy Creek
Road, Raleigh, NC 27607-6445; (919) 733-9960.

N FLORIDA

Florida possesses a specific numeric biclogical
criterion based on invertebrate species diversity.
The strict construction of the statute in terms of
sampling method and parameter computation
allow this criterion to be used to enforce the water
quality standard. However, the criterion is not

" flexible enough to be used with many other water

quality problems,

Derivation of Biological
Criteria
The main bi cal criterion in Florida's various

rules is biological integrity, which is defined legal-
ly as follows:
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“The Shannon-Weaver diversily index of ben-
thic mocroinvertebrates shall not be reduced to
fess than 75 percent of established background
levels as measured wsing organisms retained
by ¢ U.5. Standard No. 30 sieve and, in
predominantly fresh. waters, collected and
cormpostied from g minimum of three Hesler-
Dendy type nﬂzl;l'icin! substrale samplers of
0.10 to 0.15 m* arex each, incubated for a
period of four weeks; and, in predominantly
marine walers, collecled and composited from
a minimum of three natural substrate samples,
faken with Ponar-lype samplers with mini-
mum sampling area of 225 square cen-
timeters.”

This definition mandates the type of sampling
to be used for different habitats (Hester-Dendy ar-
tificial substrates for fresh water and Ponars for
marine areas) as well as the number of samples to
be taken. The number of grabs making up one
replicate for natural substrate samples is not in the
rule but is included in a standard operating proce-
dure manual. Also, the rule calls for "established

background levels” of the Shannon-Weaver diver- -

sity index (d). The Shannon-Weaver Diversity
Index is defined as “negative summation {from i=1
to s) of (ni/N) logz (ni/N) where s is the number of
species in a sample, N is the total number of in-
dividuals in a sample, and ny is the total number of
individuals in a species i” (Fla. Dep. Environ, Reg.
1%88a).

The Florida rules basically say d cannot be
recuced to less than 75 percent of established
ba kground. However, a new rule for the use of
certain types of wetlands for advanced secondary
domestic wastewater effluent disposal also has a
biological integrity standard that allows for a 50
percent reduction in d value (Fla. Dep. Environ.
Reg. 1988b). Considerable biological monitoring,
including macroinvertebrates, is required and
since most wetlands are naturally stressed ecosys-
tems, this rule will undoubtedly need modifica-
tion after data are gathered for a few years.

Application of Biological
Criteria

Biological criteria are used mostly in support of
Florida Department of Environmental Regulation
decisions and not strictly as prima facie evidence
~when chemical parameters are used. It is difficult

to assess how instrumental biological criteria have
been in swaying a hearing officer or judge.
Biologists are continually challenged when ex-
plaining biclogical parameters and concepts to
nonecologically oriented judges.

Some uses of biological criteria in Florida in-

" clude support for:

* Point source and dredge/ fill permit denials,
* Permit compliance evaluation,

* Determining needs for wasteload allocations,
and

* Designation of outstanding Florida waters, a
special protection category where an
unusually high d value can help determine
“exceptional ecological significance” (Fla.
Dep. Environ. Reg. 1985c). :

Use of biological criteria in enforcement may
have the greatest impact in the following types of
cases: '

Type of Case Resolution

Citrus concentrate spills Out-of-court monetary
E'EIIIE'I'I'I:EI:H

Wastewater treatment Out-of-court monetary

plant discharges setthements

Battery toxic waste $11 million judgment

discharge (none collected because
discharging company
declared bankruptey)

Taxie waste/ oil spills Out-of-court monetary
settlements

Mining/ spoil spills Out-of-court monetary
settlements

Lake filling Injunction hearing in
Cireult Cossrt, District
Court of Appeals
overrule; trial in Circuil
Court with cleanup and
monitoring sebtlement
costing $300,000

History

Biological criteria have been used for water
quality evaluation in Florida since 1950, However,
they gained some legal status only relatively
recently when the Department of Environmental
Resources adopt a macroinvertebrate standard.
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The Shannon-Weaver diversity index ()
cnterion was developed in Florida in 1975 and in-
corporated into the Florida Administrative Code
Water Quality Rules in 1978, Florida had ex-
perience with 4 in lake work dating back to 1959,
‘The lack of precision of natural substrate grabs for
reproducibility of 4, especially in lotic ecosystems,
threatened this parameter in the hearings; there-
fore, artificial substrates were mandated for all
freshwater sampling.

Many biclogists in Florida wanted a qualita-
tive index such as Beck's Biotic Index, especially
since its use in Florida dated back to 1950 (Beck,
1954, 1955). However. it was dropped from the
rule proposal because it applies only to flowing
fresh water and organic pollution (low dissolved
oxygen). In addition, the index was found too sen-
sitive to the presence of even one individual of a

rare species.

Discussion

The biological integrity standard (d) appears in
Florida's rules for surface water and wetlands 12
times. Unfortunately, it also appears three times in
the Florida statutes with a totally different mean-
ing: referring to the pruning of mangroves, There-
fore, regulators should be aware of potentially
conflicting meanings in the rules and statutes.

Florida also has designated a vegetative index
a5 a biological criterion to determine State jurisdic-
tion in dredge and fill permitting. In determining
this index, two exotics and three ubiguitous native
species (including the cabbage palm) are desig-
nated as “invisible” species and not to be used in
calculating the index (Fla. Dep. Environ. Reg.
1986c). This approach might be applied when
determining macroinvertebrate diversities if data
are skewed because of the abundance of oppor-
tunistic species such as Chaoborus, Rheotanytarsus,
Corbicula,  hydropsychid caddisflies, and
simuliids). In such cases, the community structure
can change completely without vielating the rule.
For example, while one Florida dredge and fill
spoil case was being litigated, the degraded site
(eriginally with a d value reduced by B0 percent)
became colonized by a silt-tolerant community
that elevated the d value back to more than 75 per-

cent of background.

Several aspects of the statutory biocriteria for
fresh water can present problems. For example, ar-
tificial substrates are inappropriate in some areas

{such as the open water area of lakes); require time
for incubation; are subject to vandalism; and are of
limited use where water levels fluctuate greatly.
Allowing a 25 percent reduction of d value in sur-
face water and 50 percent in wetlands appears to
be too lenient, especially since the measures are
logarithmic. Additionally, it is often difficult to es-
tablish a background 4 value. Fortunately, the EPA
ecoregion approach should help in establishing
background where historical data do not exist. No
flexibility exists in the Florida rules interpretation,
as for example when drastic variations in d pecur
as a result of natural causes such as seasonal ef-
fects. Therefore, gving nonbiologist admin-
istrators, lawyers, planners, and engineers. a
value without supporting explanations inevitably
causes problems,

Overall, biological criteria are working in
Florida. However, revisions and additions to the
standards are warranted and will be handled
through the routine EPA triennial rule review
process. For more information, contact Jim Hul-
bert, Florida Department of Environmental
Regulation, 3319 Maguire Boulevard, Orlando, FL
3ZB03; (407) 894-7555.

B ARKANSAS

Arkansas addressed the specific problem of unat-
tainable dissolved oxygen standards by restructur-
ing its water quality program to include criteria
based on natural dissolved oxygen levels. These
biological criteria allowed Arkansas to reclassify
streams to use designations that would protect the
existing fish communities observed in reference
streams within the same ecoregion. -

Intr_*ud uction

In 1982, the Water Division of Arkansas’ Depart-
ment of Pollution Control and Ecology began a
five-year project to evaluate the agquatic i
concept as a basis for reevaluating stream clas-
sifications, The State examined the physical,
chemical, and biclogical characteristics of carefully
selected streams in the six Arkansas ecoregions
and subsequently employed ecoregion data to
develop use attainability analyses,

The motivation for undertaking the Arkansas
ecoregion program was the knowledge that many
of the State’s cleanest streams did not meet nation-
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al water gquality standards—not because of pollu-
tion but because of naturally oceurring physical
" and chemical conditions. Rather than enforce in-
appropriate standards, State officials underiook an
ambitious program to assess water quality and
ecological condilions in representative least dis-
turbed streams, These least disturbed streams
wiere used as reference streams to refine use clas-
sifications and associated water quality criteria for
similar streams and rivers around the State,

The Arkansas ecoregion program provides a
sound basis for reclassifying streams where exist-

ing eriteria and standards were either too stringent
of too lenient. Arkansas has demon- strated the
usefulness of the ecoregional approach for
developing and evaluating water quality stand-
ards, particularly those concerned with fish com-
munity use designations and dissolved o
criteria (Ark. Dep. Pollut. Control Ecol. 198E;
'Rohm et al, 1987).

History

In Arkansas, the biological criteria effort began
more than 10 years ago. During the late 1970s, the
section 208-funded State Policy Advisory Commit-
tee devoled much discussion and effort to iden-
tifying solutions to water quality problems, which
resulted in a proposed reclassification of Arkansas’
streams according to hydrological types, The
public comment during water quality program
review was generally favorable toward the docu-
ment, but further refinement was recommended.
The committee agreed and encouraged the staff to
continue working on the concept. In 1981, a Na-
tional Science Foundation Grant was administered
through the governor’s office to convens en-
gineers and scientists within the State to recom-
mend directions for water quality programs. This
State Ecological Congress recommended designat-
ing reference streams.

The development of biological criteria in
Arkansas was closely related to several other
aspects of the Stale water quality program. With
the passage of Public Law 92-500, additional funds
were provided for municipal wastewater treat-

However, the majority of smaller towns were lo-
cated on small headwater streams that never
reached this level during low-flow periods—even
in pristine conditions. The 303e wasteload alloce-
tion process had determined that these small
towns had to meet effluent limits that were often
siringent and cost prohibitive. Arkansas deter-
mined that the water quality standard driving this
process needed revision.

As this problem was addressed and the
ecoregion concept was being developed, a new
source of funding became available. Section 205§ of
the Clean Water Act set aside 1 percent of the sec-
tion 201 Facility Grants monies to be used in water
quality planning and management activities. This
1 percent set-aside for Arkansas averaged ap-
proximately $120,000 per year over the life of the
Ecoregion Project, with approximately 14 percent
going toward boats, motors, computers, gener-
ators, and other equipment. Over a three-year
period, data were obtained from intensive field in-
vestigations of 37 reference streams during both
the low-flow, high-temperature season and the
higher flow and cooler temperatures of spring
(Rohm et al. 1987). Information was obtained at an

- approximate cost of $360,000 to satisfy the primary

ment systems. Earlier, the wasteload allocations of

the 303¢ basin plans had developed effluent limits
for all dischargers, For the large rivers adjacent to
metropeolitan areas, secondary wastewater treat-
ment was good to meet the five parts per
million, dissolved oxygen water quality standards.

goals of the project, which were to:

» Provide baseline data from waterbodies
with the least amount of point source and
nonpoint source disturbance,

* Complete a characterization of the streams
within each ecoregion, =

* Develop a classification of streams based on
in-stream uses,

* Provide a reference gauge to evaluate
monitoring data, abatement activities, and
perturbations in other streams, and

* Provide a sound basis for development of
realistic water quality standards and
beneficial uses within ecoregions.

The ultimate result of this long-term effort was
the specific identification of the biclogical com-
munity to be protected and a methodology to en-
sure s protection. Arkansas has now
implemented water quality standards specific to
sites and locations that are both higher and lower
than the Red Book dissolved oxygen criteria. This
has allowed small towns to begin building treat-
ment plants that will attain effluent limits ap-
propriate for the new water quality standards,




Discussion

While it is impossible to accurately aceount for the
full range of resources used during those efforts,
Arkansas’ final solution to the inapplicability of
the dissolved oxygen-water quality standard was
the Ecoregion Project, which was funded with
$360.000 of 205) money. Approximately 10 to 15
pecple were involved in the project, and all had
numerous other responsibilities.

__ The Ecoregion Project process formally started
in 1983 and ended in 1988. The first major obstacle
was overcome with the procurement of 205
monies. Although the State was convinced that
this project was needed, equipment and personnel
had to be scheduled so that other program respon-
sibilities could be met during this project.

After the project was initiated, many indirect
benefits to the water quality program became ap-
parent. For the first time in Arkansas, good
baseline information (physical, chemical, and
biological) was available for specific ecoregions,
revealing that each region was distinctly different.
The staff soon realized that if these findings were
ultimately to be incorporated into the water
quality standards, the public would have to be

I:ﬂaﬂrﬂfﬂlﬂaﬁeﬂudhsﬂfﬂhbgfmfﬁhﬁ:ﬁmm

continually educated. Therefore, presentations
were made to a wide range of audiences, including
Water user groups, conservaton ups,
municipal leagues, colleges, and Lions Clubs. Per-
haps for this reason, the project was a success and,
in iﬁﬂﬂ,nrﬁnft}mnmﬂutmﬂve&m@smth:
Arkansas Water Quality Standards was imple-
mented with very little opposition from industrial,
municipal, or conservation organizations.

Initially EPA’s Environmental Research
Laboratory in Corvallis, Oregon, laid out what
they called “good, better, and best” approaches to
the Ecoregion Project. As it turned out, Arkansas
had only enough money and people to do some-
thing slightly less than the “good” project. Al-
though money and staff remain a constraint, in
refrospect the State would have liked to have in-
vested greater resources and to have done the
“better” project. They also would have added me-
tals to their chemical parameter list (for measure-
ments in water, sediment, and fish tissue) so that
this background information would now be avail-
able. For further information, contact John Giese,
Arkansas Department of Pollution Contral and
Ecology, 8001 National Drive, Little Rock, AR
72208; (501) 562-7444. ;




Chapter Four

Case Summaries of Biological
Criteria in Seven States

cal criteria as part of their water quality
standards program. Texas, Connecticut, Ver-
mont, New ler., and Mebraska are developing

Smn States are currently developing biologi-

reference conditions and qualitative assessment

methods to support narrative biological eriteria in
the standards; Delaware and Minnesota are in the
early stages of developing biological criteria
programs.

B TEXAS

The Texas Surface Water Quality Standards pro-
vide the framework that the Texas Water Commis-
sion uses to protect water resources. The standards
recognize the geologic and hydrologic diversity of
the State by dividing major rivers, streams, reser-
voirs, estuaries, and bays into classified segments.
They contain narrative biclogical criteria that
describe aquatic life attributes (species richness

and composition, diversity, trophic structure, and
abundance) on a sliding scale from limited to ex- .
ceptional.

Segment-specific uses such as aquatic life, con-
tact or noncontact recreation, oyster waters, public
water supply, aquifer protection, industrial water
supply, and navigation may be assigned by the
Texas Water Commission. Narrative and quantita-
tive numerical criteria are derived to ensure
protection for some of the uses. One of four levels
of aquatic life use (exceptional, high, intermediate,
limited) is assigned to each cdlassified segment.

Minor waterbodies are grouped as unclass-
ified waters and provided protection under the
general criteria of Texas' water quality standards.
A contact recreational use and one of the four
aquatic life uses are assigned to perennial unclass-
ified waterbodies by the commission at the time of
administrative or regulatory action. Appropriate
24-hour and absolute minimum dissolved oxygen
criteria are assigned to classified and unclassified

A
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waters to protect aquatic life. The four levels of
aquatic life use accurately describe Texas waters
and are sufficiently broad and flexible to encom-
pass the range of expected conditions.

Assignment of an appropriate aquatic life use
to a waterbody is primarily driven by an assess-
ment of biotic integrity. Preliminary quantitative
biological criteria, based on six measures of the
benthic macroinvertebrate community and four
measures of the fish community, were developed
by Twidwell and Davis (1989). The ranges for the
criteria were derived from the published literature
and the professional judgment of investigators
with 30 years of combined experience performing
biological assessments of Texas streams, Biological
data collected in the field, usually during summer,
are compared to the narrative and quantitative
criteria to provide the basis for aquatic life use as-
signment. Benthic macroinvertebrate (macro- ben-
thos) and/for fish communities may be used,
although emphasis is placed on the collection of
both groups because of their differing sensitivities,

During the summer of 1987, the Texas Water
Commission conducted a pilot study on six un-
classified freshwater streams located in different
areas of the State. The study was conducted to as-
sess the applicability of the preliminary biclogical
criteria and determine if unclassified streams
should be assigned aquatic life use designations.
The study revealed that most of the streams pos-
sessed physical habitat heterogeneity that en-
hanced the development of communities of
diverse aquatic fauna. The occurrence of high
biotic integrity in small streams during adverse
summertime conditions was particularly notewor-
thy. In response to these findings, the commission
changed the manner in which it assigned aquatic
life uses to unclassified waterbodies during the
1987 triennial revision of the standards.

The biological data collected during the study
also suggested that differences among waber-
bodies sampled in different areas of the State were
spatially related. In the summer of 1988, the com-
miscion initiated a three-year study in cooperation
with the Texas Parks and Wildlife Department to
determine if the regional patterns would cor-
respond to the ecoregions of Texas mapped by
Omernik and Gallant (1987). Waterbody charac-
terizations have been conducted at 72 carefully
selected reference sites located in Texas' 11 dif-
ferent ecoregions.

The resulting physical, chemical, and biologi-

. €al {macrobenthos and fish) data are being as- -

sessed to indicate the water quality, levels of
habitat complexity, and biotc integrity that can be
naturally attained within each region, determine
to what extent Texas ecoregions have distinctive
fish and macrobenthic assemblages, and regional-
ly calibrate the exasting quantitative biological
criteria. The eventual goal of these studies is to
develop water quality standards that are in-
dividually tailored to the different ecoregions of
the State, For further information, contact Stephen
Twidwell and Jack Davis, Water Quality Division,
Texas Water Commission, PO. Box 13087, Cap.
Sta,, Austin, TX 78711; (512) 463-8475: or Roy Kein-
sasser and Gordon Linam, Resource Protection,
Texas Parks and Wildlife, PO. Box 947, San Mar-
cos, TX 7B667; (512) 353-3474.

W CONNECTICUT

Narrative biclogical criteria for benthic macroin-
vertebrates (lotic waters) were proposed in draft
form by Connecticut in 1985 and adopted in its
water quality standards in 1987,

Connecticut has a biclogical monitoring
database that goes back to 1973 and contains semi.
quantitative .macroinvertebrate data on ap-
proximately’ 75 sites. Bioassessments based on
these data originally relied on the evaluation of
community structure parameters (taxa richness,
dominant taxa, sensitive taxa or EPT—insect or-
ders Ephe era, Plecoptera, end Tricop- tera—
average di'::rﬂ:ty. abundance) and the Hilsenhoff
Biotic Index, EPA Rapid Bioassessment Protocol T
(Plafkin et al. 1989) was incorporated into the pro-
gram in 1987 and adopted as the primary assess-
ment method in 1989,

Connecticut routinely uses the bioassessment
process to evaluate spill incidents, point source
impacts, and the effectiveness of waste treatment

. installations, Recent 305(b) assessments for the

years 1988 and 1990 have also incorporated
biomonitoring information as a measure of use at-
tainment. In 1989, biological monitoring data wene
employed to assess use attainment and impair-
ment at 22 sites in support of numeric criteria
development for copper and zinc based on am-
bient water quality monitoring.

Also in 1989, Connecticut initiated
ment of a numeric component to complement ex-
isting marrative biological criteria. A general
description of the intended procedure is outlined
below:
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* Initial work involved reviewing existing
biological, physical, and chemical data to
identify prospective ecoregional reference
sites. (Connecticut is a relatively small State,

existing entirely within one ecoregion.)

* The existing database contains seven
reference sites. Current efforts are directed at
expanding this database and characterizing
variations that result from sampling methods
and temporal and spatial effects.

* Connecticut’s goal is to develop a
methodology using Rapid Bicassessment
Protocol III (for benthos) or selected
component metrics that can describe existing
narrative criteria for the various water quality
classes and provide a standard means to
evaluate waterbodies relative to these criteria.

For further information, contact Emest Piz-
zuto or Guy Hoffman, Connecticut Department of
Environmental Protection, Water Management
Bureau, 122 Washington Street, Hartford, CT
05106; (203) 566-2588.

B VERMONT

Vermont uses biological criteria from in.stream
data to determine if two different types of biologi-
cal standards are being met. These standards are
the following narratives, which are found in the
State’s waler quality standards: -

B Mo Significant Alteration of the Aquatic
Biota (NSAAB). This standard is applied to
all nonpoint discharges through a permit
process that uses compliance monitoring
data generated by the discharger The
MNSAAB eriterion is designed to detect com-
munity-level changes that result from slight
{(benign) enrichment.

W No Undue Adverse Effect (NUAE). This
standard is Vermont's classification stand-
ard. At the present time, a single biological
standard will probably be applied to both
Class B and C waters. Class C water will be
sel apart from Class B only because of
human health concerns—as a bacterial
standard.

Both of these biological standards are narra-
tive stalements within the State’s water quality

standards. The Vermont Department of Environ- -
mental Conservation has a set of ad-
ministrative rules to define the NSAAB narrative
standard. The department is negotiating with the
State’s Water Resources Board to develop a similar
set of administrative rules to define NUAE. It
believes that, by using the administrative rules
process to define biological standards for a class of
water, it can exercise the flexibility needed to
sample and describe the different communities
found in different ecotypes (lakes, rivers, and
small streams).

For the past four years, the Water Quality
Division has been developing both a8 macroinver-
tebrate and fish database to use in establishing
biocriteria for streams; the program is called the
Ambient Biomonitoring Network. The division ex-
perimented  with sampling and  analysis
methodologies several years before it fell confi-
dent that it could both measure the biclogical im.-
pacts and be cost and time efficient.

The Water Quality Division has drafted
preliminary biocriteria for small streams in Ver-
mont using both macroinvertebrate and fish com-
munity metrics, The fish community evaluation is
based on a modified Index of Biotic Integrity (IBI)
for Vermont streams. Two regions have been iden-
tified for fish communities, based on elevation,
The macroinvertebrate community is evaluated
using several biological metrics in series, Presently,
these metrics are mean taxa richness, EPT richness,
presence/absence of EPT orders, Hilsenhoff-Ver-
mont modified-biotic  index, and species
dominance. At paired siles (above and below dis-
charges), the Pinkham-Pearson similarity index
and the difference in density between sites are also
used lo evaluate impairment to both the fish and
macroinvertebrate communities. Functional group
metrics are currently being evaluated for future

- use,

Vermont can evaluate two to four sites within
one week, using one expert biologist and two tech-
nicians trained in taxonomy. Generally, the macro-
invertebrate Ambient Biomonitoring Net- work
trend monitoring is done yearly; samples are col-
lected from 40 to 50 sites within three to four
weeks (usually during Seplember or October), and
data are worked up during the winter months. In
this way, many sites can be monitored over the
long term, and a large database can be generated
for a specific season. This routine also frees staff
for more intensive, site-specific evaluations and to
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spend time in the feld conducting fish surveys
during the short summer.

The Ambient Biomonitoring Network pro-
gram (used to define NUAE) and the Compliance
Monitoring Program (NSAAB) have helped docu-
ment biological improvements after treatment
plant upgrades and have identified extensively
impaired stream communities. This work focuses
water quality management activities on specific
problems that need to be addressed from a biologi-
cal standpoint.

Most of the information generated by the
biclogical menitoring program is reported in
memo form to appropriate department chiefs, An
annual biological condition report is being
developed to make the information more acces-
sible to other governmental bodies and public
groups. For further information, contact Steve
Fiske or Rich Langdon, Department of Environ-
mental Conservation Laboratory, R.A. LaRosa
Laboralory, 103 South Main Street, Waterbury, VT
05676; (B02) 244-4520.

B NEW YORK

The State of New York has developed a set of
biological impairment criteria based on five
measures of the benthic macroinvertebrate com-
munity. These criteria are designed to measure sig-
nificant biological impairment of the stream biota
as determined by site-specific comparisons be-
tween locations upstream and downstream of
given discharges. Using the paired-site com-
parison method (Green, 1979), significant biologi-
cal impairment in discharge sites can be
determined relative to an upstream control, or, if
none is available, relative to a comparable nearby
stream.

Methods equivalent to a replicated EPA Rapid
Bipassessment Protocol-3 (Plafkin et al. 1989) are
used to delermine five macroinvertebrate commu-
nity parameters:

* Species richness,

® EPT value (number of species of cleanwater
insect orders),

* Hilsenhoff Biotic Index (average species
tolerance),

* Species dominance (percen
contribution of dominant Ept':%l?ﬂsl. and

* Percent Model Affinity (similarity to a
model community).

Once habitat and substrate evaluations have deter-
mined that the paired sites are ; repli-
cated values are compared between the two sites
to determine if the criterion is exceeded for any
parameter. Any criterion violation shown to be
statistically significant with a t-test giving a value
of p=0.05 is considered to be a biclogical impair-
ment.

New York's cal impairment criteria
have been drawn from 214 data sete collected on
27 streams between 1983 and 1987. Of the sites
designated as having significant biclogical impair-
ment based on these criteria, 68 percent had
known problems, 26 percent were probable new

 detections, and 6 percent were questionable. This

demonstrates the usefulness of the approach for
problem detection, problem assessment, and trend
maonitoring. The Stream Biomonitoring Unit of the
New York State Department of Environmental
Conservation recently completed a two-year pro-
gram of field testing and modifying the proposed
criteria. For further information, contact Robert
Bode, Stream Biomond Unit, Bureau of
Monitoring and Assessment, Division of Waler,
Department of Environmental Conservation, 50
Wolf Road, Albany, NY 12233-3503; (518) 432-2624,

B NEBRASKA

Biological criteria in MNebraska's water quality
standards are narrative and directed at preventing
human actvities that would significantly impact
or displace identified key species. The key species
listed in the standards are endangered, threatened,
sensilive, and recreationally important aquatic
species. Nebraska has a large biclogical monitor-
ing program and currently uses biological indices
to evaluate the condition of aquatic life. In Nebras-
ka 305(b) assessments, both the Index of Biotic In-
tegrity (IBI) and Invertebrate Community Index
(ICl) are used with reference sites. Nebraska's am-
bient monitoring stresses evaluation of both the
fish and macroinvertebrate communities but, be-
cause of the pattern of barriers and seasonal
drying of waterbodies in the State, macroinver-
tebrate measures may eventually prove more in-
formative.

Nebraska is currently expanding its evalua-
tion approach by incorporating ecoregion- and
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resource-specific factors, Regional ICI and IBI

values that indicate unimpaired conditions for

various stream types are being developed. Nebras-
ka hopes that this will lead to the establishment of
numeric biological criteria in the future.

Nebraska has determined that enforcing water
quality on the standards alone is difficult. There-
fore, the Department of Environmental Control
uses its standards and aquatic life evaluations to
wrile permits. For example, although there is a
“free of junk” provision in the water quality stand-
ards, it is easier in Nebraska to establish the legal
basis for a violation of the 404 permit to fill a wet-
land. Therefore, informal biological criteria ap-
plied to the ambient monitoring program in
Mebraska are used to identify problem areas for
enforcement by permit or for mitigation through
increased nonpoint prevention efforts,

Site-specific studies employing a modified
EPA Rapid Bioassessment Protocol are another

tool increasingly used by the department to iden-.

tify in-stream problems from point source dischar-
ges. Parameters identified include EPT richness
and Chironomidae exuvia. Problems identified by
these procedures range from the need for addition-
al treatment capabilities and water quality-based
permits to poor operation and maintenance of
facilities. For further information, contact John
Bender, Department of Environ- mental Contral,
FO. Box 98922, State House Station, Lincoln, ME
6B509; (402) 471-4700.

W DELAWARE

Delaware began the early stages of a biological
crileria development program in 1988, The project
was inifiated for several reasons: EPA priorities for
the water quality standards program; requests
from EPA Headquarters to include biological
criteria  development in the nonpoint source
management program; and staff knowledge of the
potential advantages of biological criteria for in-
tegrated assessments of water quality conditions.

To date, Delaware has identified possible ref-
erence sites for ecoregions and established control
and effect sites in nonpoint source demonstration
project subbasins. Three sets of 19 samples are
planned for the early stages of the project, includ-
ing work in the spring, summer, and fall. Delaware
i5 using the rapid bicassessment protocols
developed by EPA (Plafkin et al. 1989) and is al-
tempting to modify these protocols for coastal

plain and estuarine systems (dominant stream
types in Delaware).

A database of literature was gathered and as-
sessed before Delaware selected approaches. All
involved staff were trained in the protocols.
Delaware has approximately two  full-time
equivalents committed to the :project, divided
ameng field biologists, an office scientist, and pro-
gram oversight and management. '

Partial funding for the work has been obtained
from the State’s nonpoint source management pro-
gram grant. The State’s near-term goals are to use
the rapid bioassessment protocols to assess im-
pacts of nonpoint source pollution en small
streams and develop an ecoregional reference site
database.

In the long term, Delaware hopes to develop
narrative and numeric criteria, possibly in line
with EPA’s goals of the second and third triennium
(1992 and 1995). For further information, contact
John Maxted, Division of Water Resources,
Delaware Department of MNatural Resources and
Environmental Control, 89 Kings Highway, P.O.
Box 1401, Dover, DE 19903; (302) 736-4590,

H MINNESOTA

The Minnesota Pollution Control Agency is inves-
tigating the application of biological criteria for
designating aquatic life use designation and water _
resource assessment. The initial focus of this inves-
tigation is to develop attainable regional goals in
terms of fish community characteristics using the
Index of Biotic Integrity (IBI). IBI community
metrics will have to be modified in Minnesota's
various regions because of significant geographic
variations in fish assemblages. Three continental
drainages and the transition zone between the
eastern woodlands and western prairies all exist
within Minnesota’s borders,

The Follution Control Agency will determine
metric composition and expected metric values by
using historical information and data collected at
reference or at least impacted sites throughout the
State. The historical information is available from
stream surveys conducted by the University of
Minnesota and the Minnesota Department of
Natural Resources ,

The Minnesota River watershed is the first

area where the IBI is being applied. During the
summer of 1990, staff from the State’s Department
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of Natural Resources and the Pollution Control
Agency sampled 45 reference sites throughout the
watershed, including headwater, midsize, and
large river segments. Habitat evaluations were
conducted. Flow and limited water chemistry in-
formation was also obtained at each site, and data
from over 500 collections were reviewed. Metric
modifications and expected metric ratings will be
:nmcrhlud early in 1991, The IBI developed will be
used during the summer to identify impacted
areas in a major river system within the Minnesota
River watershed.

. In the future, Minnesota wants to develop the
1BI for the rest of the State, add a macro- inver-

tebrate component to the stream assessment
gram, and develop biological criteria for wetlands,
primarily by using macroinvertebrates. Presently,
there is one full-time person working on the
stream project with some additional contract staff
assistance from Minnesota’s Department of
Matural Resources. An additional half-time
will be hired for the wetlands project if funding is
secured. For further information, contact Patricia
Bailey or Judy Helgen, Minnesota Pollution Con-
trol Agency, Division of Water Quality, 520 La-
Fayetle Road North, 5t. Paul, MN 55155 (612)
295-BB78. _
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